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ABSTRACT 
 
Okra (Abelmoschus esculentus L.) is an important vegetable crop of the tropics and 
sub-tropics regions in Greece is almost exculivieely domestic seed cultivars are used. 
In 2011 and 2012, experiments were carried out at the University of Thessaly with the 
objective of determining factors that could affect yield and quality of okra seeds. In a 
result, seven field experiments were performed. In first experiment, effect of N 
fertilizer on okra pod and seed characteristics in two years of 2011 and 2012 in two 
different sowing times in each year was counducted; In another experiments, effect of 
foliar application of micronutrients, acid gibberellic, fruit loading and chlormequat 
chloride (CCC) on above mentioned characteristics was also implemented. In N 
experiment in 2011, pods that harvested driyed in two different methods of seed and 
pod drying methods. Also in the experiments of N, micronutrients, acid gibberellic 
pods were collected from three different positions (upper-middle and lower) of the 
plant. In all experiments, pods were harvested at four different harvesting times (30-
35-40 and 50 days after flowering).  The results of which are summarised here. 
 
Experiment 1: The effect of N application on okra pod and seed characteristics 
in relation to harvest time (2011) 
The aim of the present study was to examine the effect of nitrogen (N) application on 
the seed characteristics and pod production of four cultivars of okra (Abelmoschus 
esculentus L.) in relation to harvest time. The study comprised two sowing times 
during the growing season of 2011. Seeds of four okra cultivars, ‘Boyatiou’, 
‘Veloudo’, ‘Clemson’ and ‘Pylaias’, were sown in seed trays and transplanted to the 
field. The experimental treatments were three fertilizer levels: F1 (150 mg N L-1, 
control), F2 (300 mg N L-1) and F3 (450 mg N L-1) and four harvest times: T1, (30 
days after anthesis, DAA) T2, (35 DAA), T3 (40 DAA) and T4 (50 DAA). From the 
results it was found that in both experiments the level of N had a variable effect on 
pod length and diameter depending on the cultivar and harvest time. Similarly, harvest 
time did not affect pod length, but a reduction in pod diameter was observed during 
the later harvests (40-50 DAA). The number of seeds per pod tended to decrease 
during the later harvests (40-50 DAA), but was not consistently affected by the N 
application rate. In both experiments the mean 100 seed weight decreased 
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significantly with harvest time in all cultivars. The major decrease occurred between 
35 and 40 DAA in experiment 1 and between 40 and 50 DAA in experiment 2. There 
was no consistent effect of N on mean 100 seed weight. In contrast, increasing N 
levels tended to increase the percent seed germination, although not necessarily to a 
statistically significant level. In experiment 1, maximum germination was recorded 
for seeds harvested at 35-40 DAA, whereas in experiment 2 germination was highest 
for seeds harvested at 40 DAA (‘Boyiatiou’, ‘Veloudo’ and ‘Pylaias’) and 40-50 
DAA (‘Clemson’). 
 
Experiment 2: Effect of N fertilization on the characteristics of pods and seeds of 
four okra cultivars harvested from different positions on the plant  (2011) 
 
Four cultivars of okra (Abelmoschus esculentus [L.] Moench. cv. ‘Boyiatiou’, 
‘Veloudo’, ‘Pylaias’ and ‘Clemson’) were sown on 1 May (Experiment 1) or 20 May 
(Experiment 2) and fertilized with three nitrogen levels (150, 300 and 450 mg N l-1). 
The pods were harvested from three positions on the plant (upper, middle and lower 
portions relative to the main stem) and the seeds were extracted from the pods either 
immediately after harvest or after storage of the pods for 15 days at room temperature 
(i.e. after-ripened). In both experiments, flower induction was highest in ‘Clemson’ 
and lowest in ‘Boyiatiou’ and was significantly affected by the N level in all the 
cultivars, except ‘Pylaias’, the best N rates for flower induction being 150 and 300 
ppm N. Pod set increased with high N application (450 ppm N) in ‘Boyiatiou’ but not 
in the other cultivars grown here. Pod length and diameter varied between the 
cultivars but were largely unaffected by N level, irrespective of the position of the 
pods on the plant. In both experiments, pod length and diameter was lower in 
‘Clemson’ than in the other cultivars regardless of N levels and pod position. In 
contrast, the number of seeds per pod was higher in Clemson. No significant effect of 
N level on the 100-seed weight was detected, irrespective of the pod position at 
harvest (upper, middle and lower) or cultivar. Overall, seed germination was 
unaffected by N, although in ‘Boyiatiou’ germination tended to increase (not 
necessarily to a statistically significant level) with increasing N levels irrespective of 
the position of the pod on the plant at harvest and the timing of seed extraction. 
Germination was also not affected by storing the pods for 15 days before seed 
extraction. In all cultivars, germination increased with seed storage for 18 months. 
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The percent germination (initial and after storage) was lowest in ‘Boyiatiou’ (44.9 and 
75.6 %, respectively) and maximum in ‘Clemson’ (75.3 to 95.4 %, respectively) in 
both experiments and irrespective of the drying method. 
 
 
Experiment 3: Effect of foliar application of micronutrients on the pod set, pod 
size and seed characteristics of four okra cultivars harvested at different days 
after flowering (2011) 
In this experiment, the effects of foliar application of micro nutrients on the pod and 
seed characteristics of four okra cultivars was studied in relation to the time of harvest 
and position of the pods on the plant. The experiment was carried out at the 
Agricultural farm of the University of Thessaly in 2011 using a randomized complete 
block design with a factorial arrangement and three replications. Four okra cultivars 
(‘Boyiatiou’, ‘Veloudo’, ‘Clemson’ and ‘Pylaias’) were sprayed weekly throughout 
the duration of the cultivation with commercial micronutrient fertilizers as follows: 
M1= control (0 ml micro nutrient); M2= 40 ml micro nutrient (20 ml Proten and 20 ml 
Basfoliar 36 extra); M3 = 80 ml micro nutrient (40 ml Proten and 40 ml Basfoliar 36 extra). 
From the results, it was found that the plant height of ‘Boyiatiou’ and ‘Pylaias’ was 
increased by application M2 (40 ml micronutrients) whereas the plant height of 
‘Clemson’ and ‘Veloudo’ was either unaffected or reduced by micronutrient 
application. Flower induction in ‘Pylaias’ increased at both micronutrient levels (M2 
and M3), but not in the other cultivars. However, pod set was higher in treatment M3 
in ‘Veloudo’ and ‘Pylaias’ and resulted in a significantly higher seed yield in these 
two cultivars at this micronutrient level.  Pod length and diameter differed between 
cultivars, but were not affected by micronutrient application. Seed size (mean 100 
seed weight) and moisture content were also not affected by micronutrient 
application, but the number of seeds per pod in ‘Pylaias’ was significantly lower in 
M2 and M3 than in M1 (control) and the percent seed germination of all cultivars was 
higher following micronutrient application. The differences in germination between 
the control (M1) and the micronutrient treatments (M2 and M3) were observed at all 
times of harvest and at all positions of pods on the plant at harvest. In conclusion, 
micronutrient application had a positive effect on okra seed production by increasing 
yield in ‘Veloudo’ and ‘Pylaias’ and increasing seed quality (germination) in all the 
cultivars. 
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Experiment 4: Effect of gibberellic acid, harvest time and the position of the pod 
on the plant on the seed quality of four okra cultivars (2011) 
 
In an experiment at the Agricultural Farm of the University of Thessaly during 
summer 2011, the effect of foliar application of gibberellic acid (GA) to okra at an 
early stage of plant growth (3-4 leaves) on plant growth, pod and seed characteristics 
was studied in relation to harvest time. GA was applied at concentrations of 0 
(Control), 50, and 100 mg l-1 to four okra cultivars (‘Boyiatiou’, ‘Veloudo’, 
‘Clemson’ and ‘Pylaias’) and pods were harvested 30, 35, 40 and 50 Days After 
Anthesis (DAA) from the lower part of the plant. From the results it was found that 
GA application increased plant height irrespective of cultivar and GA concentration 
(50 and 100 mg l-1), but without increasing flower induction or pod set. Similarly, GA 
had no effect on pod dimensions (which were determined by genotype) or mean 100 
seed weight, except in Boyiatiou. Similarly, GA application did not consistently affect 
seed moisture content, but it did however, increase the number of seeds per pod. 
Germination was either promoted (‘Veloudo’), inhibited (‘Boyiatiou’) or not affected 
(‘Pylaias’, ‘Clemson’) by GA. Differences in germination were apparently related to 
the incidence of hard seeds. Storage of seeds for 18 months improved germination. 
Overall, pod and seed characteristics were affected more by genotype and harvest 
time than by GA application. 
 
Experiment 5: The effect of fruit load on pod set, pod size and seed 
characteristics of four okra cultivars (2011) 
 
A study to determine the effects of fruit load on the pod and seed characteristics of 
okra was carried out at the Agricultural Farm of the University of Thessaly in 2011. 
Four cultivars of okra (‘Boyiatiou’, ‘Veloudo’, ‘Clemson’ and ‘Pylaias’) were 
cultivated with three levels of fruit loading: L1 (10 fruits plant-1), L2 (15 fruits plant-1) 
and L3 (all fruits). The results revealed a significant difference between loading levels 
and seed germination in all cultivars. Leaving more fruit on the plant (L3) in cv. 
‘Boyiatiou’ and ‘Veloudo’ caused lower seed germination, where in cv. ‘Pylaias’ and 
‘Clemson’ the opposite effect was observed. Highest germination was recorded for 
plants with the lowest fruit load (L1). The most seed hardness and least seed 
germination was observed in cv. ‘Boyiatiou’, but storage of seeds of this cultivar for 
 6
Institutional Repository - Library & Information Centre - University of Thessaly
09/12/2017 05:56:24 EET - 137.108.70.7
18 months increased germination by up to 16.2 %. Flower induction, fruit set and fruit 
dimensions were unaffected by fruit load, irrespective of cultivar. Seed number per 
fruit was not affected by fruit load, but seed size (mean 100 seed weight) tended to 
decrease with fruit load in cv. ‘Boyiatiou’ and ‘’Pylaias’. There was also no consistent 
effect of fruit load on plant height.  
Experiment 6: The effect of N application and sowing date on okra pod and seed 
characteristics in relation to harvest time (2012) 
The aim of the present study was to examine the effect of nitrogen (N) application 
rate and sowing dates on seed quality characteristics and pod production of four 
cultivars of okra (Abelmoschus esculentus L.). Seeds of four okra cultivars 
(‘Boyatiou’, ‘Veloudo’, ‘Clemson spineless’ and ‘Pylaias’) were sown on 13 May (1st 
sowing) and 2 June (2nd sowing) and transplanted to the field at the stage of 3-4 true 
leaves. Plants were subjected to three N levels: F1 (control, 150 mg N L-1), F2 (300 
mg N L-1) and F3 (450 mg N L-1). From the results it was found that although the 
difference in sowing times was only 20 days, the 2nd sowing (2 June) improved flower 
induction and pod set of okra, but without affecting pod size. The number of seeds per 
pod was not affected by sowing time, but the mean 100 seed weight was generally 
lower in the 2nd sowing. The main effect of sowing time related to seed germination. 
In all cultivars, except ‘Veloudo’ germination increased in the 2nd sowing mainly as a 
result of lower seed hardness. Germination was also improved by increasing N levels, 
or by seed storage, acid scarification or seed priming. The improvement in 
germination is a major quality parameter for okra seed production, especially for 
cultivars with a high incidence of hard seeds. 
 
Experiment 7: The effect of chlormequat chloride (CCC) on pod set, pod size and 
seed characteristics of four okra cultivars harvested at different times after 
flowering (2012) 
The aim of the present study was to examine the effect of chlormequat chloride 
(CCC) application on the pod production and seed characteristics of four okra 
cultivars in relation to harvest time. The study was carried out during the growing 
season of 2012. Seeds of four okra cultivars (‘Boyatiou’, ‘Veloudo’, ‘Clemson’ and 
‘Pylaias’) were sown in seed trays and transplanted to the field at the stage of 3-4 true 
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leaves. The experimental treatments were three CCC levels (750 mg l-1, 2500 mg l-1 
and 0 mg l-1) and four harvest times (30-35-40 and 50 DAA). The results showed that 
the application of CCC had no effect on the percentage of seed germination (except 
‘Veloudo’ at 2500 mg l-1), irrespective of CCC concentration and cultivar. However, 
there was an indication (not tested statistically) that CCC reduced the number of hard 
seeds in all cultivars except ‘Boyiatiou’. CCC had no significant effect on seed 
moisture content, flower induction and pod set in any of the four cultivars, as well as 
little or no effect on pod length and diameter or the number of seed per pod and 100 
seed weight. The application of CCC (both at 750 mg l-1 and 2500 mg l-1) increased 
the seed yield of all cultivars except ‘Clemson’, although in ‘Veloudo’ and ‘Pylaias’ 
seed yield was higher at 750 mg l-1 than at 2500 mg l-1. Moreover, in all cultivars 
CCC at both concentrations reduced plant height, although in ‘Pylaias’ this effect was 
observed only at the higher concentration (2500 mg l-1).  
 
 
 
‘Summary in Greek’ 
«Μελέτη της βελτιστοποίησης της σποροπαραγωγής και της ποιότητας του 
σπόρου της μπάμιας καθώς και μελέτη της σκληρότητας του σπόρου της: 
παράγοντες που την προκαλούν και μέθοδοι για την αντιμετώπισή της» 
 
ΠΕΡΙΛΗΨΗ 
Η μπάμια (Abelmoschus esculentus L.) αποτελεί σημαντική λαχανοκομική 
καλλιέργεια των τροπικών και υποτροπικών περιοχών στην Ελλάδα και 
χρησιμοποιούνται σχεδόν αποκλειστικά σπόροι εγχώριων ποικιλιών. Τα πειράματα 
διεξήχθησαν στο Αγρόκτημα του Πανεπιστημίου Θεσσαλίας, στην Ελλάδα κατά τη 
διάρκεια της καλλιεργητικής περιόδου του 2011 και του 2012. Επίσης, από το 2010 
μέχρι το 2013 διεξήχθησαν πολλά πειράματα που αφορούσαν εκτιμήσεις και 
μετρήσεις της ποιότητας των σπόρων (όπως αποθήκευση σπόρων, σκαριφικάρισμα με 
οξύ και Priminig “Ωσμωβελτίωση”), στο Εργαστήριο Γενετικής και Βελτίωσης των 
Φυτών. Ο στόχος αυτής της μελέτης ήταν να αξιολογήσει τους παράγοντες που θα 
μπορούσαν να επηρεάσουν την απόδοση και την ποιότητα των σπόρων των τεσσάρων 
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ποικιλιών μπάμιας «Μπογιατίου», «Βελούδο», «Clemson» και «Πυλαίας». Σε όλα τα 
πειράματα καταγράφηκαν τα ακόλουθα στοιχεία: 
- Μέση βλαστικότητα των σπόρων 
- Ολικός σχηματισμός ανθέων ανά φυτό 
- Αριθμός λοβών ανά φυτό 
- Μήκος λοβού 
- Διάμετρος λοβού 
- Μέσος αριθμός σπόρων ανά λοβό 
- Βάρος 100 σπόρων 
- Ύψος του φυτού 
- Βάρος 100 σπόρων 
- προσδιορισμός της ποιότητας των σπορών που εξήχθησαν από το λοβό είτε  
αμέσως μετά τη συγκομιδή είτε μετά την αποθήκευση των λοβών για 15 
ημέρες σε θερμοκρασία δωματίου  
- Απόδοση σε σπόρους 
Ως εκ τούτου, οι στόχοι της παρούσας εργασίας ήταν να γίνουν κατανοητοί οι 
παράγοντες που επηρεάζουν την παραγωγή σπόρων στη μπάμια, την ποιότητα των 
σπόρων ιδιαίτερα την σκληρότητά τους και τις μεθόδους βελτίωσής της. Σε αυτή τη 
μελέτη, πραγματοποιήθηκαν οκτώ πειράματα στον αγρό και οι ερευνητικές εργασίες 
χωρίζονται στις ακόλουθες ενότητες:  
Μελέτη της επίδρασης των:  
1. Εποχή σποράς (κεφάλαια 2, 3 και 7).  
2. Τρία διαφορετικά επίπεδα αζωτούχου λιπάσματος (Ν) στα 150, 300 και 450 mg L-1 
(κεφάλαια 2, 3 και 7).  
3. Διαφορετικοί χρόνοι συγκομιδής, 30, 35, 40 50 ημέρες μετά την ανθοφορία 
(κεφάλαια 3, 4, 5, 7 και 8).  
4. Συγκομιδή λοβών χωριστά από τρία μέρη των φυτών δηλαδή από χαμηλότερα, 
μεσαία και υψηλότερα τμήματα των φυτών (κεφάλαια 3, 4, 5).  
5. Ιχνοστοιχεία (κεφάλαιο 4).  
6. Γιβεριλλικό οξύ (κεφάλαιο 5).  
7. CCC (κεφάλαιο 8).  
8. Φορτίο καρπών (κεφάλαιο 6).  
Τα αποτελέσματα κάθε πειράματος συνοψίζονται ως κατωτέρω. 
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Πείραμα 1: Η επίδραση της εφαρμογής Ν στους λοβούς της μπάμιας και στα 
χαρακτηριστικά των σπόρων σε σχέση με το χρόνο συγκομιδής (2011) 
Ο σκοπός της παρούσας μελέτης ήταν να εξετάσει την επίδραση της εφαρμογής του 
αζώτου (N) στα χαρακτηριστικά των σπόρων και την παραγωγή λοβών τεσσάρων 
ποικιλιών μπάμιας (Abelmoschus esculentus L.) σε σχέση με την εποχή συγκομιδής. 
Η μελέτη αποτελείται από δύο εποχές σποράς κατά την καλλιεργητική περίοδο του 
2011. Σπόροι τεσσάρων ποικιλιών μπάμιας, «Μπογιατίου», «Βελούδο», «Clemson» 
και «Πυλαίας», σπάρθηκαν σε δίσκους σπόρων και μεταφυτεύτηκαν στο χωράφι. Οι 
πειραματικές επεμβάσεις ήταν τρία επίπεδα λιπάσματος: F1 (150 mg N L-1, 
μάρτυρας), F2 (300 mg N L-1) και F3 (450 mg N L-1) και τέσσερις εποχές συγκομιδής: 
Τ1 (30 ημέρες μετά την άνθηση, ΗΜΑ), Τ2 (35 ΗΜΑ), Τ3 (40 ΗΜΑ) και Τ4 (50 
ΗΜΑ). 
Το πείραμα πραγματοποιήθηκε στο Αγρόκτημα του Πανεπιστημίου Θεσσαλίας το 
2011 χρησιμοποιώντας πειραματικό σχέδιο τυχαιοποιημένων πλήρων ομάδων 
(Randomized Complete Block Design) με παραγοντική διάταξη και τρεις 
επαναλήψεις.  
Από τα αποτελέσματα διαπιστώθηκε ότι και στα δύο πειράματα, το επίπεδο Ν είχε 
μεταβλητό αποτέλεσμα στο μήκος και στη διάμετρο λοβού ανάλογα με την ποικιλία 
και την εποχή συγκομιδής. Ομοίως, η εποχή συγκομιδής δεν επηρέασε το μήκος 
λοβού, αλλά παρατηρήθηκε μείωση της διαμέτρου του λοβού κατά τις όψιμες 
συγκομιδές (40-50 ΗΜΑ). Ο αριθμός των σπόρων ανά λοβό έτεινε να μειωθεί κατά 
τις όψιμες συγκομιδές (40-50 ΗΜΑ), αλλά δεν επηρεάστηκε σταθερά από το ρυθμό 
εφαρμογής Ν. Στα δύο πειράματα, το μέσο βάρος 100 σπόρων μειώθηκε σημαντικά 
με το χρόνο συγκομιδής σε όλες τις ποικιλίες. Η μεγαλύτερη μείωση σημειώθηκε 
μεταξύ 35 και 40 ΗΜΑ στο πείραμα 1 και μεταξύ 40 και 50 ΗΜΑ στο πείραμα 2. 
Δεν υπήρξε σταθερή επίδραση του Ν στο μέσο βάρος 100 σπόρων. Σε αντίθεση, 
αυξάνοντας τα επίπεδα Ν έτεινε να αυξήσει το ποσοστό βλαστικότητας των σπόρων, 
αν και όχι απαραίτητα σε στατιστικά σημαντικό επίπεδο. Στο πείραμα 1, η μέγιστη 
βλαστική ικανότητα καταγράφηκε για τους σπόρους που συγκομίστηκαν σε 35-40 
ΗΜΑ, ενώ στο πείραμα 2 η βλαστική ικανότητα ήταν υψηλότερη για σπόρους που 
συγκομίστηκαν 40 ΗΜΑ («Μπογιατίου», «Βελούδο» και «Πυλαίας») και 40-50 
ΗΜΑ («Clemson»). 
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 Πείραμα 2: Επίδραση της Ν-ούχου λίπανσης στα χαρακτηριστικά των λοβών και 
των σπόρων τεσσάρων ποικιλιών μπάμιας συγκομισθέντων από διαφορετικές 
θέσεις του φυτού (2011) 
Τέσσερις ποικιλίες μπάμιας (Abelmoschus esculentus [L.] Moench), «Μπογιατίου», 
«Βελούδο», «Πυλαίας» και «Clemson» φυτεύθηκαν την 1η Μαΐου (Πείραμα 1) και 
την 20η Μαΐου (Πείραμα 2) και λιπάνθηκαν με τρία επίπεδα αζώτου (150, 300 και 
450 mg N L-1). Το πείραμα πραγματοποιήθηκε στο Αγρόκτημα του Πανεπιστημίου 
Θεσσαλίας το 2011 χρησιμοποιώντας πειραματικό σχέδιο τυχαιοποιημένων πλήρων 
ομάδων (Randomized Complete Block Design) με παραγοντική διάταξη και τρεις 
επαναλήψεις. Οι λοβοί συλλέχθηκαν από τρεις θέσεις πάνω στο φυτό (ανώτερα, 
μεσαία και κατώτερα τμήματα σε σχέση με το κύριο στέλεχος) και οι σπόροι 
εξήχθησαν από το λοβό είτε αμέσως μετά τη συγκομιδή ή μετά την αποθήκευση των 
λοβών για 15 ημέρες σε θερμοκρασία δωματίου (δηλαδή υπερώριμοι). Και στα δύο 
πειράματα, ο σχηματισμός ανθέων ήταν υψηλότερος στην «Clemson» και 
χαμηλότερος στην «Μπογιατίου» και επηρεάστηκε σημαντικά από το επίπεδο Ν σε 
όλες τις ποικιλίες, εκτός από την «Πυλαίας», τα καλύτερα επίπεδα Ν για το 
σχηματισμό ανθέων είναι 150 και 300 ppm N. Το σύνολο των λοβών αυξήθηκε με 
εφαρμογή μεγάλης ποσότητας N (450 ppm N) στην «Μπογιατίου», αλλά όχι στις 
άλλες ποικιλίες που καλλιεργούνται εδώ. Το μήκος και η διάμετρος των λοβών 
κυμαινόταν μεταξύ των ποικιλιών, αλλά ήταν σε μεγάλο βαθμό ανεπηρέαστη από το 
επίπεδο Ν, ανεξάρτητα από τη θέση των λοβών στο φυτό. Και στα δύο πειράματα, το 
μήκος και η διάμετρος λοβών ήταν χαμηλότερα στην «Clemson» από τις άλλες 
ποικιλίες ανεξάρτητα από τα επίπεδα Ν και τη θέση των λοβών. Σε αντίθεση, ο 
αριθμός των σπόρων ανά λοβό ήταν υψηλότερος στην «Clemson». Δεν 
παρατηρήθηκε σημαντική επίδραση του επιπέδου Ν στο βάρος 100 σπόρων, 
ανεξάρτητα από τη θέση των λοβών κατά τη συγκομιδή (ανώτερη, μέση και 
κατώτερη) ή την ποικιλία. Συνολικά, η βλαστική ικανότητα των σπόρων ήταν 
ανεπηρέαστη από το Ν, αν και στην «Μπογιατίου» η βλαστικότητα έτεινε να αυξηθεί 
(όχι απαραίτητα σε ένα στατιστικά σημαντικό επίπεδο), με την αύξηση των επιπέδων 
Ν ανεξάρτητα από τη θέση του λοβού στο φυτό κατά τη συγκομιδή και τη χρονική 
στιγμή της εξαγωγής των σπόρων. Η βλαστική ικανότητα επίσης δεν επηρεάζεται από 
την αποθήκευση των λοβών για 15 ημέρες πριν από την εξαγωγή των σπόρων. Σε 
όλες τις ποικιλίες, η βλαστική ικανότητα αυξήθηκε με την αποθήκευση σπόρων για 
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18 μήνες. Το ποσοστό βλαστικότητας (αρχική και μετά από αποθήκευση) ήταν 
χαμηλότερη στην «Μπογιατίου» (44,9 και 75,6%, αντίστοιχα) και υψηλότερη στην 
«Clemson» (75,3-95,4%, αντίστοιχα) και στα δύο πειράματα και ανεξάρτητα από την 
μέθοδο ξήρανσης. 
 
Πείραμα 3: Επίδραση του διαφυλλικής εφαρμογή ιχνοστοιχείων στο σύνολο 
λοβών, στο μέγεθος λοβών και στα χαρακτηριστικά των σπόρων τεσσάρων 
ποικιλιών μπάμιας που συγκομίσθηκαν σε διαφορετικές ημέρες μετά την άνθηση 
(2011) 
Σε αυτό το πείραμα, τα αποτελέσματα της διαφυλλικής εφαρμογής των ιχνοστοιχείων 
στους λοβούς και στα χαρακτηριστικά των σπόρων των τεσσάρων ποικιλιών μπάμιας 
μελετήθηκαν σε σχέση με το χρόνο της συγκομιδής και τη θέση των λοβών στο φυτό. 
Το πείραμα πραγματοποιήθηκε στο Αγρόκτημα του Πανεπιστημίου Θεσσαλίας το 
2011 χρησιμοποιώντας πειραματικό σχέδιο τυχαιοποιημένων πλήρων ομάδων 
(Randomized Complete Block Design) με παραγοντική διάταξη και τρεις 
επαναλήψεις. Τέσσερις ποικιλίες μπάμιας («Μπογιατίου», «Βελούδο», «Clemson» 
και «Πυλαίας») ψεκάστηκαν εβδομαδιαίως καθ' όλη τη διάρκεια της καλλιέργειας με 
εμπορικά λιπάσματα ιχνοστοιχείων ως εξής: Μ1=μάρτυρας (0 ml ιχνοστοιχεία), 
Μ2=40 ml ιχνοστοιχεία (20 ml Proten και 20 ml Basfoliar 36 extra), M3=80 ml 
ιχνοστοιχεία (40 ml Proten και 40 ml Basfoliar 36 extra). Από τα αποτελέσματα, 
βρέθηκε ότι το ύψος των φυτών της «Μπογιατίου» και της «Πυλαίας» αυξήθηκε από 
την εφαρμογή Μ2 (40 ml ιχνοστοιχεία), ενώ το ύψος των φυτών στην «Clemson» και 
στο «Βελούδο» είτε δεν επηρεάστηκε ή μειώθηκε με την εφαρμογή ιχνοστοιχείων. Ο 
σχηματισμός ανθέων στην «Πυλαίας» αυξήθηκε σε δύο επίπεδα ιχνοστοιχείων (M2 
και M3), αλλά όχι στις άλλες ποικιλίες. Ωστόσο, το σύνολο λοβών ήταν υψηλότερο 
στην επέμβαση Μ3 στο «Βελούδο» και στην «Πυλαίας» και οδήγησε σε σημαντικά 
υψηλότερη απόδοση σε σπόρους σε αυτές τις δύο ποικιλίες σε αυτό το επίπεδο 
ιχνοστοιχείων. Το μήκος και η διάμετρος των λοβών διέφεραν μεταξύ των ποικιλιών, 
αλλά δεν επηρεάστηκαν από την εφαρμογή ιχνοστοιχείων. Το μέγεθος των σπόρων 
(μέσο βάρος 100 σπόρων) και το ποσοστό υγρασίας, επίσης, δεν επηρεάστηκαν από 
την εφαρμογή ιχνοστοιχείων, αλλά ο αριθμός των σπόρων ανά λοβό στην «Πυλαίας» 
ήταν σημαντικά χαμηλότερη στις Μ2 και Μ3 από τη Μ1 (μάρτυρας) και το ποσοστό 
βλαστικότητας των σπόρων όλων των ποικιλιών ήταν υψηλότερο μετά την εφαρμογή 
ιχνοστοιχείων. Διαφορές στην βλαστικότητα μεταξύ του μάρτυρα (Μ1) και των 
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επεμβάσεων ιχνοστοιχείων (M2 και M3) παρατηρήθηκαν σε όλες τις εποχές 
συγκομιδής και σε όλες τις θέσεις των λοβών στο φυτό κατά τη συγκομιδή. 
Συμπερασματικά, η εφαρμογή ιχνοστοιχείων είχε θετική επίδραση στην παραγωγή 
σπόρων μπάμιας με την αύξηση της απόδοσης στις ποικιλίες «Βελούδο» και 
«Πυλαίας» και την αύξηση της ποιότητας των σπόρων (βλαστική ικανότητα) σε όλες 
τις ποικιλίες. 
 
Πείραμα 4: Επίδραση του γιβεριλλικού οξέος, του χρόνου συγκομιδής και της 
θέσης του λοβού στο φυτό για την ποιότητα των σπόρων τεσσάρων ποικιλιών 
μπάμιας (2011) 
Σε πείραμα στο Αγρόκτημα του Πανεπιστημίου Θεσσαλίας κατά τη διάρκεια του 
καλοκαιριού του 2011, η επίδραση της διαφυλλικής εφαρμογής γιβεριλλικού οξέος 
(GA) στη μπάμια σε πρώιμο στάδιο της ανάπτυξης των φυτών (3-4 φύλλα), οι λοβοί 
και τα χαρακτηριστικά των σπόρων μελετήθηκαν σε σχέση με το χρόνο συγκομιδής. 
Το GA εφαρμόστηκε σε συγκεντρώσεις 0 (μάρτυρας), 50, και 100 mg L-1 σε τέσσερις 
ποικιλίες μπάμιας («Μπογιατίου», «Βελούδο», «Clemson» και «Πυλαίας») και οι 
λοβοί συλλέχθηκαν 30, 35, 40 και 50 Ημέρες Μετά την Άνθηση (ΗΜΑ) από τα κάτω 
μέρη των φυτών. Από τα αποτελέσματα διαπιστώθηκε ότι η εφαρμογή του GA 
αύξησε το ύψος των φυτών, ανεξάρτητα από την ποικιλία και τη συγκέντρωση GA 
(50 και 100 mg L-1), αλλά χωρίς να αυξήσει το σχηματισμό ανθέων ή συνολικών 
λοβών. Όμοια, το GA δεν είχε επίδραση στις διαστάσεις των λοβών (οι οποίες 
προσδιορίσθηκαν ανά γενότυπο) ή μέσο βάρος 100 σπόρων, εκτός της «Μπογιατίου». 
Όμοια, η εφαρμογή GA δεν επηρέασε σταθερά την περιεκτικότητα των σπόρων σε 
υγρασία, αλλά όμως αύξησε τον αριθμό των σπόρων ανά λοβό. Η βλαστική 
ικανότητα είτε βελτιώθηκε ‘Βελούδο’, είτε αναστάλθηκε ‘Μπογιατίου’ είτε δεν 
επηρεάστηκε ‘Πυλαίας’, ‘Clemson’ από το GA. Οι διαφορές στην βλαστική 
ικανότητα προφανώς σχετίζονται με τη συχνότητα εμφάνισης σκληρών σπόρων. Η 
αποθήκευση των σπόρων για 18 μήνες βελτίωσε τη βλαστικότητα. Συνολικά, οι λοβοί 
και τα χαρακτηριστικά των σπόρων επηρεάστηκαν περισσότερο από το γενότυπο και 
το χρόνο συγκομιδής από ό, τι από την εφαρμογή GA . 
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Πείραμα 5: Η επίδραση του φορτίου καρπών στο σύνολο λοβών, στο μέγεθος 
λοβών και στα χαρακτηριστικά των σπόρων τεσσάρων ποικιλιών μπάμιας (2011) 
Μια μελέτη για τον προσδιορισμό των επιπτώσεων του φορτίου των καρπών στους 
λοβούς και στα χαρακτηριστικά των σπόρων της μπάμιας διεξήχθη στο Αγρόκτημα 
του Πανεπιστημίου Θεσσαλίας το 2011. Τέσσερις ποικιλίες μπάμιας ‘Μπογιατίου’, 
‘Βελούδο’, ‘Clemson’ και ‘Πυλαίας’ καλλιεργήθηκαν με τρία επίπεδα φορτίου 
καρπών: L1 (10 καρποί ανά φυτό), L2 (15 καρποί ανά φυτό) και L3 (όλοι οι καρποί). 
Τα αποτελέσματα αποκάλυψαν μια σημαντική διαφορά μεταξύ των επιπέδων φορτίου 
και βλαστικότητας των σπόρων σε όλες τις ποικιλίες. Αφήνοντας περισσότερους 
καρπούς πάνω στο φυτό (L3) στις ποικιλίες ‘Μπογιατίου’ και ‘Βελούδο’ προκλήθηκε 
χαμηλότερη βλαστικότητα των σπόρων, ενώ στις ποικιλίες ‘Πυλαίας’ και ‘Clemson’ 
παρατηρήθηκε το αντίθετο αποτέλεσμα. Υψηλότερη βλαστική ικανότητα 
καταγράφηκε για τα φυτά με το χαμηλότερο φορτίο καρπών (L1). Η υψηλότερη 
σκληρότητα των σπόρων και η χαμηλότερη βλαστικότητα των σπόρων 
παρατηρήθηκε στην ποικιλία ‘Μπογιατίου’, αλλά η αποθήκευση των σπόρων αυτής 
της ποικιλίας για 18 μήνες αύξησε τη βλαστικότητα μέχρι 16,2%. Ο σχηματισμός 
ανθέων, το σύνολο και οι διαστάσεις των καρπών δεν επηρεάστηκαν από το φορτίο 
των καρπών, ανεξάρτητα από την ποικιλία. Ο αριθμός των σπόρων ανά καρπό δεν 
επηρεάστηκε από το φορτίο των καρπών, αλλά το μέγεθος των σπόρων (μέσο βάρος 
100 σπόρων) έτεινε να μειώνεται με το φορτίο των καρπών στις ποικιλίες 
‘Μπογιατίου’ και ‘Πυλαίας’. Επίσης δεν υπήρχε σταθερή επίδραση του φορτίου 
καρπών στο ύψος του φυτών. 
 
Πείραμα 6: Η επίδραση της εφαρμογής Ν και της ημερομηνίας σποράς στους 
λοβούς και στα χαρακτηριστικά των σπόρων μπάμιας σε σχέση με το χρόνο 
συγκομιδής (2012) 
Ο σκοπός της παρούσας μελέτης ήταν να εξετάσει την επίδραση της εφαρμογής του 
αζώτου (Ν) και των ημερομηνιών σποράς στα ποιοτικά χαρακτηριστικά των σπόρων 
στην παραγωγή λοβών τεσσάρων ποικιλιών μπάμιας (Abelmoschus esculentus L.). 
Σπόροι τεσσάρων ποικιλιών μπάμιας ‘Μπογιατίου’, ‘Βελούδο’, ‘Clemson’ και 
‘Πυλαίας’ σπάρθηκαν στις 13 Μαΐου (1η σπορά) και στις 2 Ιουνίου (2η σπορά) και 
μεταφυτεύτηκαν στο χωράφι στο στάδιο των 3-4 πραγματικών φύλλων. Τα φυτά 
υποβλήθηκαν σε τρία επίπεδα Ν: F1 (μάρτυρας, 150 mg Ν L-1), F2 (300 mg Ν L-1) και 
F3 ( 450 mg Ν L-1). Το πείραμα πραγματοποιήθηκε στο Αγρόκτημα του 
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Πανεπιστημίου Θεσσαλίας το 2012 χρησιμοποιώντας πειραματικό σχέδιο 
τυχαιοποιημένων πλήρων ομάδων (Randomized Complete Block Design) με 
παραγοντική διάταξη και τρεις επαναλήψεις.  
Από τα αποτελέσματα διαπιστώθηκε ότι αν και η διαφορά στους χρόνους σποράς 
ήταν μόνο 20 ημέρες, η 2η σπορά (2 Ιουνίου) βελτίωσε το σχηματισμό ανθέων και 
σύνολο λοβών της μπάμιας, αλλά χωρίς να επηρεάσει το μέγεθος των λοβών. Ο 
αριθμός των σπόρων ανά λοβό δεν επηρεάστηκε από το χρόνο σποράς, αλλά το μέσο 
βάρος 100 σπόρων ήταν κατά κανόνα χαμηλότερο στη 2η σπορά. Η κύρια επίδραση 
του χρόνου που σχετίστηκε με τη βλαστική ικανότητα των σπόρων. Σε όλες τις 
ποικιλίες, εκτός από το «Βελούδο» η βλαστική ικανότητα αυξήθηκε στη 2η σπορά 
κυρίως ως αποτέλεσμα της χαμηλότερης σκληρότητας των σπόρων. Η βλαστική 
ικανότητα βελτιώθηκε επίσης με την αύξηση των επιπέδων Ν, την αποθήκευση των 
σπόρων, το σκαριφικάρισμα με οξύ ή το priming “Ωσμωβλτίωση” των σπόρων. Η 
βελτίωση στην βλαστική ικανότητα είναι σημαντική παράμετρος ποιότητας για την 
παραγωγή σπόρων μπάμιας, ειδικά για ποικιλίες με υψηλή συχνότητα εμφάνισης 
σκληρών σπόρων. 
 
Πείραμα 7: Η επίδραση του chlormequat chloride (CCC) στο σύνολο λοβών, το 
μέγεθος λοβών και τα χαρακτηριστικά των σπόρων τεσσάρων ποικιλιών 
μπάμιας που συγκομίστηκαν σε διαφορετικές χρονικές στιγμές μετά την 
ανθοφορία (2012) 
Ο σκοπός της παρούσας μελέτης ήταν να εξετάσει την επίδραση της εφαρμογής 
chlormequat chloride (CCC) στην παραγωγή λοβών και στα χαρακτηριστικά των 
σπόρων τεσσάρων ποικιλιών μπάμιας σε σχέση με την εποχή συγκομιδής. Η μελέτη 
πραγματοποιήθηκε κατά τη διάρκεια της καλλιεργητικής περιόδου του 2012. Σπόροι 
τεσσάρων ποικιλιών μπάμιας ‘Μπογιατίου’, ‘Βελούδο’, ‘Clemson’ και ‘Πυλαίας’) 
σπάρθηκαν σε δίσκους σπόρων και μεταφυτεύτηκαν στο χωράφι κατά το στάδιο των 
3-4 πραγματικών φύλλων. Οι πειραματικές επεμβάσεις ήταν τρία επίπεδα CCC (750 
mg L-1, 2500 mg L-1 και 0 mg L-1) και τέσσερις χρόνοι συγκομιδής (30-35-40 και 50 
ΗΜΑ).  
Τα αποτελέσματα έδειξαν ότι η εφαρμογή του CCC δεν είχε επίδραση επί του 
ποσοστού της βλαστικότητας των σπόρων (εκτός από το ‘Βελούδο’ στα 2500 mg L-
1), ανεξάρτητα από τη συγκέντρωση του CCC και την ποικιλία. Ωστόσο, υπήρξε 
ένδειξη (δεν ελέγχθηκε στατιστικά) ότι το CCC μείωσε τον αριθμό των σκληρών 
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σπόρων σε όλες τις ποικιλίες εκτός της ‘Μπογιατίου’. Το CCC δεν είχε σημαντική 
επίδραση στην περιεκτικότητα σε υγρασία των σπόρων, στο σχηματισμό ανθέων και 
στο σύνολο λοβών σε οποιαδήποτε από τις τέσσερις ποικιλίες, καθώς και μικρή ή 
καμία επίδραση στο μήκος και στη διάμετρο των λοβών ή στον αριθμό των σπόρων 
ανά λοβό και στο βάρος 100 σπόρων. Η εφαρμογή του CCC (τόσο στα 750 mg L-1 και 
στα 2500 mg L-1) αύξησε την απόδοση σε σπόρους όλων των ποικιλιών, εκτός από 
την ‘Clemson’, αν και στις ποικιλίες ‘Βελούδο’ και ‘Πυλαίας’ η απόδοση σε σπόρους  
ήταν υψηλότερη στα 750 mg L-1 από τα 2500 mg L-1. Επιπλέον, σε όλες τις ποικιλίες 
το CCC σε αμφότερες τις συγκεντρώσεις μείωσε το ύψος του φυτού, αν και στην 
‘Πυλαίας’ αυτό το αποτέλεσμα παρατηρήθηκε μόνο στην υψηλότερη συγκέντρωση 
(2500 mg L-1). 
 
Γενικά Συμπεράσματα 
Στο πείραμα του Ν (2011), οι καλύτερες τιμές Ν για το σχηματισμό ανθέων ήταν 150 
και 300 ppm, επίσης το σύνολο λοβών αυξήθηκε με εφαρμογή υψηλής ποσότητας Ν 
(450 ppm) στη ‘Μπογιατίου’ αλλά όχι στις άλλες ποικιλίες. Ο χρόνος συγκομιδής 
είχε σημαντική επίδραση στο μήκος των λοβών σε όλες τις ποικιλίες στην 1η σπορά, 
αλλά οι διαστάσεις των λοβών (μήκος και διάμετρος) ήταν σε μεγάλο βαθμό 
ανεπηρέαστες από το επίπεδο Ν, ανεξάρτητα από τη θέση των λοβών στο φυτό, όπως 
ήταν το βάρος 100 σπόρων. Σε αντίθεση, το Ν φαίνεται να επηρεάζει θετικά τη 
βλαστικότητα των σπόρων, ανάλογα με την ποικιλία και το χρόνο της συγκομιδής, τη 
μείωση της σκληρότητας σπόρων. Η εποχή της συγκομιδής έχει επίσης σημαντική 
επίδραση στη βλαστικότητα των σπόρων, που οφείλεται κυρίως στην αύξηση των 
σκληρών σπόρων στις ευπαθείς ποικιλίες (‘Μπογιατίου’ και ‘Βελούδο’, όταν η 
συγκομιδή καθυστέρησε (40-50 ΗΜΑ). Δεν υπήρχε κανένα όφελος από την 
υπερωρίμανση των λοβών, αλλά η αποθήκευση σπόρων για 18 μήνες σε θερμοκρασία 
δωματίου αποδείχθηκε ότι είναι θετικός τρόπος για να βελτιωθεί η ποιότητα των 
σπόρων, ειδικά στη ‘Μπογιατίου’. Ως εκ τούτου, είναι πιθανό ότι η ποιότητα των 
σπόρων μπάμιας (π.χ. ‘Μπογιατίου’) θα μπορούσε να βελτιωθεί με την εφαρμογή 
υψηλότερων επιπέδων Ν και με τη συγκομιδή των λοβών από τα μέσα έως τα τέλη 
του καλοκαιριού στην πειραματική περιοχή μας (Θεσσαλία). 
Επίσης, στο πείραμα του Ν (2012), αν και η διαφορά στους χρόνους σποράς ήταν 
μόλις 20 ημέρες, η οψιμότερη σπορά (2 Ιουνίου) βελτίωσε το σχηματισμό ανθέων και 
σύνολο λοβών στη μπάμια, αλλά χωρίς να επηρεάζει το μέγεθος λοβών. Ο αριθμός 
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των σπόρων ανά λοβό δεν επηρεάστηκε από το χρόνο σποράς, αλλά το μέσο βάρος 
100 σπόρων ήταν κατά κανόνα χαμηλότερο στη 2η σπορά. Σε όλες τις ποικιλίες, 
εκτός από της ‘Βελούδο’ η βλαστική ικανότητα αυξήθηκε στη 2η σπορά κυρίως ως 
αποτέλεσμα της χαμηλότερης σκληρότητας των σπόρων. Η βλαστική ικανότητα 
βελτιώθηκε επίσης με την αύξηση των επιπέδων Ν, με την αποθήκευση σπόρων, με 
σκαριφικάρισμα με οξύ ή ωσμωβλτίωση ‘priming’ σπόρων. 
Στο πείραμα ιχνοστοιχείων, το ύψος των φυτών των ‘Μπογιατίου’ και ‘Πυλαίας’ 
αυξήθηκε από την εφαρμογή M2 (40 cc ιχνοστοιχείων). Επίσης ο σχηματισμός 
ανθέων στην ‘Πυλαίας’ αυξήθηκε στα δύο επίπεδα ιχνοστοιχείων (M2 και M3), αλλά 
όχι σε άλλες ποικιλίες. Το σύνολο λοβών ήταν υψηλότερο στην επέμβαση Μ3 στις 
‘Βελούδο’ και ‘Πυλαίας’ και οδήγησε σε σημαντικά υψηλότερη απόδοση σπόρων σε 
αυτές τις δύο ποικιλίες. Το ποσοστό βλαστικής ικανότητας των σπόρων όλων των 
ποικιλιών ήταν υψηλότερο μετά την εφαρμογή ιχνοστοιχείων. Αποθήκευση των 
σπόρων των εν λόγω ποικιλιών για 18 μήνες σε θερμοκρασία δωματίου μπορεί να 
βοηθήσει αυτό το πρόβλημα. 
Εφαρμογή του GA σε συγκέντρωση 50-100 mg L-1 στην μπάμια αύξησε το ύψος του 
φυτού ανεξάρτητα από την ποικιλία, αλλά δεν επίδρασε στο σχηματισμό ανθέων ή 
στο σύνολο λοβών. Ομοίως, το GA δεν είχε επίδραση στις διαστάσεις των λοβών 
(μήκος, διάμετρος) ή μέσο βάρος 100 σπόρων, εκτός της ‘Μπογιατίου’. Εν τω 
μεταξύ, εφαρμογή GA δεν επηρέασε σταθερά την περιεκτικότητα σε υγρασία των 
σπόρων, αλλά όμως αύξησε τον αριθμό των σπόρων ανά λοβό σε όλες τις ποικιλίες 
σημαντικά. Η βλαστική ικανότητα είτε βοηθήθηκε ‘Βελούδο’, αναστάλθηκε 
‘Μπογιατίου’ ή δεν επηρεάστηκε ‘Πυλαίας’, ‘Clemson’ από το GA. Οι διαφορές στην 
βλαστική ικανότητα προφανώς σχετίζονται με την συχνότητα εμφάνισης των 
σκληρών σπόρων. Αποθήκευση των σπόρων για 18 μήνες βελτίωσε τη βλαστικότητα. 
Φαίνεται συνεπώς ότι η διαφυλλική εφαρμογή GA μπορεί να είναι ευεργετική για την 
παραγωγή σπόρων της ποικιλίας ‘Βελούδο’ με την αύξηση της ποιότητας των 
σπόρων (βλαστικότητα), αλλά δεν έχει αξία για τις άλλες ποικιλίες . 
Στο πείραμα φορτίου καρπών, αφήνοντας περισσότερους καρπούς πάνω στο φυτό 
(L3) στις ποικιλίες ‘Μπογιατίου’ και ‘Βελούδο’ προκλήθηκε χαμηλότερη βλαστική 
ικανότητα των σπόρων, ενώ στις ποικιλίες ‘Πυλαίας’ και ‘Clemson’ είχε αντίθετο 
αποτέλεσμα. Υψηλότερη βλαστική ικανότητα των σπόρων καταγράφηκε σε φυτά με 
χαμηλότερο φορτίο καρπών (L1). Ο σχηματισμός ανθέων, το σύνολο λοβών, οι 
διαστάσεις των καρπών δεν επηρεάστηκαν από το φορτίο των καρπών σε όλες τις 
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ποικιλίες. Επίσης, ο αριθμός των σπόρων ανά λοβό δεν επηρεάστηκε, αλλά το βάρος 
100 σπόρων έτεινε να μειωθεί στις ποικιλίες ‘Μπογιατίου’ και ‘Πυλαίας’. Εξάλλου 
δεν υπάρχει συνεχής επίδραση του φορτίου καρπών στο ύψος του φυτού. 
Στο πείραμα του CCC, χρησιμοποιώντας CCC μειώθηκε το ύψος των φυτών. 
Υπήρχε, ωστόσο, μικρή ή καμία επίδραση του CCC στην ανθοφορία και στο σύνολο 
λοβών, ως εκ τούτου στην απόδοση. Στην ποικιλία ‘Βελούδο’ το CCC (2500 mg L-1) 
αύξησε τη βλαστικότητα των σπόρων, αλλά δεν υπήρξε καμία επίδραση του CCC στα 
750 ή στα 2500 mg L-1 στις άλλες ποικιλίες. Ο αριθμός σπόρων ανά λοβό, το βάρος 
100 σπόρων και οι διαστάσεις των λοβών δεν επηρεάστηκαν από το CCC. Μπορεί, 
επομένως, να εξαχθεί το συμπέρασμα ότι σε πρακτική βάση το κύριο πλεονέκτημα 
της εφαρμογής CCC θα ήταν να μειωθεί το ύψος του φυτού και έτσι να διευκολυνθεί 
η χειρωνακτική εργασία πάνω στο φυτό, παρά ως μέσο για την αύξηση της απόδοσης 
σε σπόρους ή της ποιότητας. Ανεξάρτητα από την εφαρμογή του CCC, η απόδοση σε 
σπόρους και η ποιότητα καθορίζεται κυρίως από το γενότυπο. Τέλος, η επεξεργασία 
σπόρων μετά τη συγκομιδή (π.χ. σκαριφικάρισμα, ωσμωβελτίωση) και η αποθήκευση 
των σπόρων για 6 έως 18 μήνες μπορεί να βελτιώσει τη βλαστικότητα και τη 
σκληρότητα των σπόρων.  
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 Chapter 1  
Introduction and literature review 
 
eneral introduction about okra: 
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pecies: A. esculentus 
2, 
amont 1999). Lastly, in Taiwan it is called qiu kui (Siemonsma & Kouame 2000). 
rigin and Geographic Distribution 
 
 
 
 
G
Scientific classific
Kingdom: Plantae 
Divisio Magnoliophyta 
Class: Magnoliop
Order: Malvales 
Family: Malvaceae 
Genus: Abelmoschus 
S
 
 
Okra (Abelmoschus esculentus [L.] Moench.) is a tropical to subtropical species that is 
widely distributed from Africa to Asia, Southern European and America (Oyenuga, 
1969; Oyelade et al. 2003) and belongs to the family Malvaceae. Okra was mentioned 
for the first time in 1216 B.C. in Egypt (Ames and MacLeod, 1990). Latin binomial 
names for okra are Abelmoschus esculentus and Hibiscus esculentus L. (Kumar et al., 
2010), while common names include: bhindi in India, krajiab kheaw in Thailand, 
ochro, okoro, quimgombo, quingumbo, gombo, kacang bendi and bhindi in South 
East Asia, bamia, bamya or bamieh in the Middle East, gumbo in Southern USA, and 
lady’s finger in England (Ndunguru & Rajabu 2004). Moreover in Portugal and 
Angola okra is known as quiabo, in Cuba quimbombo, gombo commun and gombo, 
in France gumbo, in Sweden mbamia and mbinda, and in Japan okura (Chauhan 197
L
 
O
 
Okra was originally included in the genus Hibiscus and section Abelmoschus by 
Linnaeus in 1737 (Bharad, 2005). The genus Abelmochus was established by 
Medikus in 1787 and later assigned to this genus, but with Hibiscus as a synonym 
(Dhankhar & Mishra, 2009). Okra is generally believed to have originated in the 
region of Ethiopia, although other centres of origin have been proposed, including 
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South-East Asia (van Borssum Waalkes, 1977) and West Africa (Murdoch, 1959). 
Okra cultivation spread throughout the Middle East and North Africa (Tindall 1983, 
Lamont 1999) and it is now grown in many parts of the world, especially in tropical 
and sub-tropical countries (Arapitsas 2008, Saifullah & Rabbani 2009), both on large 
commercial farms and as a garden crop (Rubatzky & Yamaguchi 1997). Cultivated 
and wild species of okra clearly overlap in South-East Asia, while the Mediterranean, 
Near East and North America are considered to be secondary areas of diversification 
rubben, 1977).  
ermination and the rate of 
mergence are optimal at 30-35°C (Akande et al., 2003).  
beyond this stage, fibre increases significantly and the fruits become inedible.  Fruits 
(G
 
Growth Requirements 
 
Okra is a warm season plant that needs temperatures above 20°C for normal growth 
and development (Lamont 1999, Abd El-Kader et al., 2010). An average temperature 
of 20-30°C is considered optimum for growth, flowering and fruiting (Akinyele & 
Temikotan 2007, Dada & Fayinminnu 2010), while flower initiation and flowering 
are delayed at high temperatures (>35oC) (Lamont 1999, Abd El-Kader et al., 2010). 
Okra is also considered to be a short-day plant, with flowering induced at <11 hours 
daylight (Bhatt & Srinivasa Rao, 2009), but its wide geographical distribution (up to 
latitudes of 35-40°) indicates that cultivars differ markedly in sensitivity. For 
example, all Greek okra cultivars are classified as day-neutral (Koutsos, 2009). Okra 
tolerates poor soils, but prefers well-drained sandy loams, with pH 6-7, and a high 
content of organic matter (Lamont 1999, Adilakshmi et al. 2008, Akanbi et al., 2010, 
Akande et al., 2010). Although it requires moderate, well distributed rainfall of 80-
100 cm to produce a good yield of young edible fruits over a relatively long period, 
okra is nevertheless relatively tolerant to drought and in Greece cv. Boyiatiou is even 
grown as a non-irrigated crop (Koutsos, 2009). Seed g
e
 
Chemical composition of the fruit 
 
Okra fruits contain mainly protein, carbohydrate and fibre, as well significant levels 
of vitamin C (Table 1), which play a vital role in the human diet (Kahlon et al., 2007, 
Saifullah & Rabbani 2009). Fruits are consumed at an immature stage (in Greece, 3-6 
days after flowering) while they are still soft and non-fibrous. If harvest is delayed 
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can be boiled, fried or baked (Akintoye et al., 2011). In addition, okra can be 
processed and marketed as dried or frozen products. 
 
 
 
Table 1: The composition of fresh okra fruits per 100 g edible portion 
Water  88.6 g 
Energy               144.00 kJ (36 kcal)
Protein 2.10 g 
Carbohydrate 8.20 g 
Fat 0.20 g 
Fibre 1.70 g 
Ca 84.00 mg 
P 90.00 mg 
Fe 1.20 mg 
Β-carotene 185.00 μg 
Riboflavin 0.08 mg 
Thiamin 0.04 mg 
Niacin 0.60 mg 
Ascorbic acid 47.00 mg 
Source: Gopalan et al., 2007, Varmudy, 2011. 
 
 
Carbohydrates are mainly present in the form of mucilage (Liu et al., 2005, Kumar et 
al., 2009) and consist of long chain molecules with a molecular weight of about 
170,000 made up of sugar units and amino acids. The main components are galactose 
(25%), rhamnose (22%), galacturonic acid (27%) and amino acids (11%). The 
mucilage is highly soluble in water and has an intrinsic viscosity value of about 30%. 
Okra seeds contain about 20% protein and 20% oil (Tindall 1983, Charrier 1984). 
Okra fibre is easy to extract and is white to yellow in colour, strong but rather coarse. 
Okra leaves are considered good cattle feed, but this is seldom compatible 
with the primary use of the plant. The leaf buds and flowers are also edible (Doijode 
2001). Tests conducted in China suggest that an alcohol extract of okra leaves can 
eliminate active free-radicals, alleviate renal tubular-interstitial diseases, reduce 
proteinuria, and improve renal function (Liu et al., 2005; Kumar et al., 2009). 
Moreover, okra mucilage is reported to be suitable for industrial and medicinal 
applications (Akinyele & Temikotan 2007) such as glace paper production and for 
confectionery. It has also been proposed as a plasma replacement or blood volume 
expander (Savello et al., 1980; Markose & Peter 1990; Lengsfeld et al., 2004; Adetuyi 
et al., 2008; Kumar et al., 2010). 
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Seed structure  
 
Okra seeds are relatively large and heavy (Figure 1), with an average weight of 15-20 
gr (Bhatt and Srinivasa Rao, 2009; Martin and Rhodes, 1983). The seeds of okra are 
described as exotegmic because the tissiue develops from the outher epidermics of the 
tegmen. The seed coat of okra consists of (a) outer integument, or testa (b) palisade 
cells (c) mesophyll and (d) fringe cells (Figure 2). The chalazal area is the complex 
part of the seed (Bhatt and Srinivasa Rao, 2009).  
 
 
Figure 1: Okra seeds. 
 
 
 
 
 
Figure 2. Ferric chloride stain in hilar region of ‘Clemson at 5% mc, indicating the 
presence of tannins in the structures. Pal – palisade layer;mes. – mesophyll layer; pr- 
prismatic; tr- transition; tw – twisted; pap – papillae; lt ln – light line; hil – hilum 
(Maria et al., 2007). 
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Figure 3. Cross section of okra coat (Vanangamudi et al. 2006). 
 
 
Serrato-Valenti et al. (1992; 1989) and Egley et al. (1986)  reported that water entry 
through the hilar region of the seed coat of okra (Figure 2). Serrato et al. (1992) 
thought the region controlling the onset of water entry is chalazal area. However 
Maria et al. (2007) reported that the mesophyll layer is highly lignified and may have 
contributed to hardseededness (Figure 3), morever thay emphazised that in okra 
varieties the differences in permeability and eventual dormancy may be due to the 
amount of substances such as lignins in the seed coat, particularly in the hilar region. 
Lignins were found abundant in the mesophyll layer of the hilar region and other 
sections of the seed coat of all the okra species (Maria et al., 2007). These compounds 
have hydrophobic characters and function as barriers to the diffusion of water into the 
seed coat (Boesewinkel & Bouman 1995).  
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Figure 4. Phloroglucinol stain of seed: Red to red-brown stain in: a) section of seed 
coat of ‘Clemson’ at 9% mc- c) ‘Clemson’ seed coat at 5% mc; (x10 objective). pal – 
palisade layer; mes. – mesophyll layer; pr- prismatic; tr- transition; tw – twisted; pap 
– papillae; lt ln – light line (Maria Lea et al., 2007). 
 
 
 
Several authors have reported that when moisture content of seeds were high , no hard 
seeds were observed (Ellis et al. 1985; Standifer et al. 1989). It seems, decreasing 
moisture content of seeds, caused the mesophyll layers lignified and seed coat become 
hard and impperable to water that called hardseedness. As it obvious from Figure (4) 
lower moisture content (5% in compare to 9 % moisture content) create very intense 
staining of red-brown color in this area.   
 
General review about seed quality 
 
Seed germination can be defined as the potential of a seed lot to germinate under 
defined conditions (Black et al., 2006), whereas dormancy is the absence of 
germination of a seed under optimal conditions (Hilhorst and Toorop, 1997). 
Dormancy is classified as endogenous or exogenous (Copeland and McDonald, 2001). 
Endogenous dormancy is attributed to the inhibition of germination due to an 
immature embryo or to inhibitory components inside the seed. Exogenous dormancy 
is attributed to inhibition imposed by the seed coat. 
Hardseedness is a form of exogenous dormancy in which the seed coat does not 
permit seed hydration and/or radicle emergence. The percentage of seed germination 
of okra is often relatively low, due to the occurrence of hardseedness (Luis Felipe et 
al., 2010). The percentage of hardseedness in okra varies between cultivars (Ellis et 
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al., 1985; Standifer et al., 1989; El Balla et al., 2011). For example, the seeds of some 
cultivars show few or no hard seeds and there is no impedance of germination, but in 
other cultivars the percentage of hard seeds may be high, thus significantly reducing 
germination. Emphasized that hardseededness in okra vary among cultivars. Overall it 
can be said that okra seed and pod characteristics, especially hardseedness, result from 
the genotype and/or environmental factors. 
There are several reports of the effects of environmental conditions on seed 
germinability and dormancy (Fenner, 1991, 1992; Hilhorst and Toorop, 1997; Baskin 
and Baskin, 1998; Gutterman, 2000). Some of the environmental factors that can 
affect okra pod and seed quality, including the induction of hardseedness are: 
temperature during growth, drought, daylength, fertilizer application, plant growth 
regulators (such as GA and CCC), the stage of maturity of seeds and pods, post seed 
and pod drying conditions etc. Some of these factors will be discussed below: 
  
 
1. Effect of harvest time on seed germination, pod and seed characteristics 
 
It was reported that the percentage of hard seeds in okra increased significantly in all 
cultivars with the increase in seed maturity, apparently due to the development of hard  
testa (seed coat) or impermeable cell layer in the seed coat during the later stages of 
seed development (El Balla et al., 2011). Similarly, Egley and Elmore (1987) noted 
that impermeability in showy crotalaria (Crotalaria spectabilis) seed was acquired 
during the later stages of maturation on the parent plants. 
Chauhan and Bhandari (1971) reported that seeds harvested from okra plants 30 days 
from anthesis (DAA) had the maximum percentage of germination, while according 
to El Balla et al. (2011) germination of okra seed was maximal 27-30 DAA and 
Marcia et al. (2008) concluded that okra seeds harvested 34-41 DAA had the highest 
germination. Demir (1997) reported that okra seeds failed to germinate until 32 DAA, 
while at 36 DAA the percentage of hard seeds increased. However, in Brazil, Setubal 
et al. (1994) observed that the proportion of hard seeds significantly increased when 
the harvesting was delayed until plant was dryied, whereas in Greece Passam et al. 
(1998) reported that premature or late harvesting of pods results in reduced seed 
germination.  
In Ambrette (Abelmoschus moschatus Medic.), Sundareswaran et al. (2011) 
concluded that the length and girth of pods increased rapidly up to 28 DAA, thereafter 
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the change in these parameters was not significant. These authors also noted a 
decrease in the number of seeds per pod from 105 (14 DAA) to 89 (42 DAA); 
whereas the 100 seed weight increased up to 35 DAA, indicating that seed 
development continued up to this time. In okra, pod weight, pod length and number of 
seeds per pods reached a maximum at 18-24 DDA and decreased thereafter 
(Dhankhar and Singh, 2009). Rapid pod growth during the first 9-13 DAA was 
accompanied by an increase in sugar content (Bhatt and Srinivasa Rao, 2009), while 
the decrease in pod weight on completion of growth resulted from dehydration and 
shrinking. 
 
 
2. Effect of seed moisture content on seed germination 
 
Seed moisture content is a factor which can affect seed hardness. As the seed 
matures and moisture content declines, the percentage of hard seeds of okra increases 
(El Balla et al., 2011; Quinlivan, 1971; Ellis et al., 1985; Standifer et al., 1989; Demir, 
2001). El Balla et al. (2011) reported that okra seeds at 13% moisture content show 
little or no hardseedness, but once the seeds have been dried and their moisture 
content fell to 4-6%, seed hardness becomes prevalent. Similarly, Demir (1997) 
reported that when the moisture content of seeds harvested at 50 DAA dropped to 
10%, hard seedness increased to 52%. El Balla et al. (2011) confirmed this 
observation in other species (Trifolium patense, Trifolium repens and Lupinus 
arborcus) where seed hardness occurred at moisture contents of <14 %.  
According to Serrato-Valenti, et al. (1991), the imperability of the seed coat, 
particularly the inner tangential walls of the endotesta cells, hinders water penetration 
into both hard and non-hard seeds. The only site where water penetration is possible is 
the chalazal slit, which is coverd by a cap made of permeable tissue, which protrudes 
downward into the chalazal slit. Water penetrates the cap, causing the palisade cells to 
swell, leading to breakage of the seed coat (Vanangamudi, et al., 2006). 
 
3. Effect of plant parts on seed quality 
 
The pod position on the plant may affect seed quality. Yadav and Dhankhar (2001) 
observed a higher number of seeds per fruit and higher seed weight, germination and 
seed yield in fruits harvested from lower positions on the plant, whereas the lowest 
value for these parameters was for seeds harvested from the upper part of the plant. 
 35
Institutional Repository - Library & Information Centre - University of Thessaly
09/12/2017 05:56:24 EET - 137.108.70.7
The superior quality of seeds harvested from the pod in okra that borne on the lower 
nodes (up to the 8th node) was also observed by Naik et al., (2004) and Prabhakar et 
al., (1985). In contrast, Perquerio et al. (2010) and Malik et al. (2000) reported that 
seeds from pods of okra located in the middle region of the plant had higher 
germination.  
 
4. Effect of fertilizer on seed quality  
 
Fertilizer is another factor that can affect hard seedness. Although okra growth 
responds positively to different plant nutrients (Mishra and Singh, 2005), seed 
germination is not apparently affected by fertilizer application (Anjum and Amjad, 
1999; Amjad et al., 2001). 
In the majority of studies, the effect of N on okra growth, pod production and 
yield refer to the edible crop where pods are harvested at an immature stage. 
Recommended N rates vary, probably because of differences in genotype, soil and 
climatic conditions. For example, in Greece recommended fertilizer rates are 25-30 kg 
ha-1 N, 30-35 kg ha-1 P and 55-60 kg ha-1 K (Rekoumi et al. (2003), which is similar 
to that recommended for the USA by Lamont (1999).  Uwah et al. (2010) concluded 
that the highest number of pods per plant was obtained at 80 kg N/ha, while Ahmad 
and Tulloch-Reid (1968) observed that N fertilizer rates above 112kg/ha adversely 
affected okra yield. 
In an experiment on seed production, the maximum number of pods per plant 
(10.69) and maximum seed yield (1374.9 kg/ha) were reported in plots receiving both 
150 kg N ha-1 and 90 kg P ha-1 (Sajid et al., 2012). It seems the higher number of pods 
per plant may be due to improved growth vigour of plant and a higher number of 
leaves in response to N. Sadat (2000) concluded that the number of pods per plant was 
significantly increased with the increasing application of NPK fertilizer, while Sultana 
(2002) reported that the number of pods per plant were significantly increased by the 
application of N and P. 
Seed yield depends upon the pod number, seed number and average seed 
weight per pod, characteristics which vary with the genotype. Sarnaik et al. (1986) 
obtained the highest seed yield with N and P at rates of 120 and 60 kg ha-1, 
respectively. Lenka et al. (1989) obtained satisfactory seed yield with 30 kg P2O5 ha-
1, whereas Manga and Mohammed (2006) concluded that plant height and the number 
of fruits per plant increased by the application of up to 120 kg/ha N. Saif et al. (2008) 
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also observed maximum plant height (99.5 cm) at a rate of 120 kg ha-1 N, while 
Humayun Khan et al. (2000) recorded maximum plant height (185 cm), number of 
pods per plant (24.59) and pod length (12.63 cm) in plots fertilized with 120:90:60 kg 
NPK ha-1. The quality of seed expressed in term of 100 seed weight, viability 
percentage, and vigour did not show significant differences due to nitrogen levels up 
to 160 kg ha-1 (Singh et al. 1999).  
 
5. Effect of sowing date on seed quality  
 
The sowing and/or planting date is another factor that can affect okra seed and pod 
characteristics. Sowing date not only affects seed germination and emergence of okra 
in the field, but also subsequent plant grwoth (Majanbu et al., 1988; Passam et al., 
1998; Yadav and Dhankhar, (1999; Amjad et al., 2001; Anjum and Amjad, 1999). In 
Bangladesh, Moniruzzaman et al. (2007) reported that the best quality of seed in okra 
was obtained when seeds were sown in 30 of February (88.7% germination) and 15 
March (83.7% germination) whereas Dilruba et al. (2009) recorded the highest 
number of pod per plant (46.6) for sowing on 6 April. Similarly, in Nigeria Irimerin 
and Okey (1986) reported that the early sowing of okra produced more vigorous plant 
compared to late sowing. 
Dhankhar and Singh (2009) concluded that sowing time of okra for seed 
production varies in different regions depending on local agroclimatic conditions, 
particularly the temperature, altitude, and rainfall. This may account for a decrease in 
the seed yield of okra cv. Pusa Sawani sown after June 20 at Ludhiana, India (Grewal 
et al., 1972) or after July 15 in Bangladesh (Islam et al., 2000). 
 
 
6. Effect of growth regulators on seed production and seed quality  
 
Plant growth regulators (auxins, gibberellins, abscisic acid etc.) are often used 
in agriculture for the stimulation and synchronization of flowering and fruit setting, 
the promotion of rooting, reduction of lodging of agronomic crops, or defoliation 
(Briant 1974 and Ilias et al., 2007). Growth regulator treatment has been found to 
enhance seed germination and pod and seed quality of okra. For example, Ilias et al. 
(2007) noted that stem length of okra was significantly enhanced by the application of 
exogenous GA3.  
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7. Effect of fruit load on seed quality 
 
` Leaving fruits on the mother plants with different numbers (loading) could 
effect the obtained seed quality. The manipulation of reproductive sinks (by removing 
the flower and fruits) alters the balance between supply and demand for assimilates 
within the plants, which in turn influences physiological processes such as 
photosynthesis, growth, and development (Dhankhar et al. 2009). The reproductive 
sink removal induces higher growth rates of other sinks (fruits) (Batt and Srinivasa 
Rao, 1993a). A reduction of 19-20 % in fruit dry mass per plant was found in the 
source-altered plants. The seed number was reduced by 10-21%, and seed weight by 
8-19%. A gradual increase in the number of seed abortion to ascending frut position 
caused the reduction in seed weight per pod (Dhankhar and Singh, 2009). Source 
manipulation at the nodes influences the biological yield (Bhatt and Srinivasa Rao, 
2002).     
 
 
8. Effect of storage on seed quality 
 
There have been few report on the effect of seed storage on seed quality. It is well   
known that okra pods have a high rate of metabolism, but because they are susceptible 
to low temperature (chilling) injury they could not be stored at temperatures below 7 
°C (Ryall and Lipton, 1979; Rekoumi et al., 2012). Large pods (e.g. Clemson 
Spineless) may be stored satisfactorily for 7-10 days at 7-10 °C and 90-95% relative 
humidity (Lutz and Hardenburg, 1977). Although modified atmospheres may extend 
storage life (Baxter and Waters, 1990a) and improve fruit quality by reducing 
toughness and the incidence of microbial decay (Baxter and Waters, 1990b), they are 
not employed commercially (Roy and Behera, 2009). Even in the air, large pods may 
be held for up to 7 days without considferation deterioration (Ryall and Lipton, 1979) 
whereas the small pods of the Mediterranean cultivars deteriorate within 2-3 days 
after storage (Passam and Rekoumi, 2009; Rekoumi et al., 2012). 
 
 
Effect of priming on improvement of seed germination 
 
Seed priming and other treatments (such as scarification, stratification etc.) have been 
used in crop production to improve seed germination and field emergence under 
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adverse environmental conditions (Heydekker et al., 1973; Rumpel and Szudyga, 
1978; Georghiou et al., 1982; Bradford, 1986). Seed priming is a pre-sowing 
treatment that involves the controlled hydration of seed sufficient to allow pre-
germination metabolic events to take place but insufficient to allow radicle protrusion 
through the seed coat (Heydecker et al., 1975). By initiating germination processes 
before sowing, seed priming generally enhances germination and field emergence 
under adverse germination conditions (McDonald, 2000). At least four techniques 
(hydropriming, osmopriming, halopriming and sand matripriming) are employed to 
prime seeds and many variations exist around each technique (Nirmala and Umarani, 
2008). (hydropriming is defined as the technique where seeds were soaked in water, 
where sand matricpriming is the metod that seeds were mixced with sand of 
respective Water Holding Capacities (WHC) and placed in perforated plastic covers, 
on the trays that filled with sand to which water was added @ 180,340 and 300 ml kg-
1 of sand to create WHC viz., 60, 80 and 100 percent, respectively; in metod of 
halopriming, seeds faced with salts like KNO3, NaCl; osmopriming technique was 
done using polyethylene glycol 6000 solution).     
There is no single method of osmotic priming and the value of the method 
varies between species, cultivars and seed lots of the same cultivar. Bradford (1986) 
recommended suitable priming conditions for a range of horticultural crops, except 
okra. Krarup (1988) and Evans and Pill (1989) observed that seed priming of 
asparagus (Asparagus officinalis L.) resulted in faster germination independently of 
the treatment conditions, but had no effect on the germination percentage, while Gray 
et al. (1991) reported that priming in vegetable seeds increased the germination 
percentage. Tomato and carrot seeds primed in salt solutions exhibited a lower 
percentage emergence, but the rate of emergence of treated onion seeds was higher 
(Haigh et al., 1986). Bradford (1986) reported that osmotic priming results in more 
rapid and uniform germination even at sub-optimal temperatures.  
Nirmala and Umarani, (2008) hydroprimed okra seeds and observed a steady 
increase in radicle protrusion, germination percentage, speed of germination, days for 
50% germination and days for maximum germination. Omopriming (polyethylene 
glycol 6000) of okra for 15 days in two osmotica (PEG 6000) (-1 Mpa and -1.5 Mpa) 
resulted in higher seed germination and speed of germination even after one day of 
treatment. In contrast halopriming with KNO3 was detrimental irrespective of the 
concentration and duration of treatment. In an experiment to study the effects of NaCl 
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and temperature on the germination and emergence of okra seeds of a local okra 
variety (Marsaouia) subjected to 0 and 100 mM NaCl at 10, 15, 25, 35 and 40o C; the 
percentage of germination was higher at 15, 25 and 35oC (Besma and Mounir, 2010). 
In another experiment using four priming media containing distilled water, 
diammonium phosphate (DAP), single super phosphate (SSP), SSP + Na2CO3 for a 
treatment duration of 4-48 h, the results indicated that highest germination percentage 
(85.9%) occurred in seed soaked with single super phosphate solution (Abdul et al., 
2011). 
 
 
Effect of scarification on improvement of seed germination 
 
Scarification is another method that has been used to increase the germination of okra 
seeds by eliminating number of hardseeds. The use of H2SO4 (80%) to weaken the 
testa of hard seeds of okra and increase seed germination has frequently been reported 
(El-Siddig et al., 2001; Hermansen et al., 2000; Najdafi et al., 2006, Dhankhar and 
Singh, 2009). According to Baskin and Baskin (1999), the longer the soating in acid  
time seed is soaked in acid the more permeable to water the testa becomes. It is well 
known, that the concentrated H2SO4 it erodes the brachysclereids and osteosclerids in 
the capillary micropyle region. As a result, water passes through the testa via the 
capillary micropyle and permits the seed to germinate in okra. 
  
Acid scarification has also been reported to increase the rate of germination of 
okra seeds (Passam and Polyzou, 1997). Passam et al., (1998), in their experiment on 
okra varieties in Greece, reported that the germination of cv. Boyiatiou was low due 
to presence of a hard seed coat; scarification with H2SO4 (96%) for 10 minutes 
increased germination from 51% to 97%. 
Patane and Gresta (2006), in their study on two annual crops such as, 
milkvetch (Astragalus hamosus) and button medic (Medicago orbicularis), concluded 
that germination percentage increases with increasing concentrations of H2SO4, 
although in M. orbicularis only immersion in 70% H2SO4 solution for 1 h was 
statistically effective in promoting germination. In another experiment, a high 
germination percentage was obtained using concentrated H2SO4 (96%), followed by 
either a 90-min soaking procedure in a 100 ppm gibberellin (GA4+7) solution, or by 
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adding 0.2% potassium nitrate to the test substrate (Sozzi and Chiesa, 1995). In cotton 
(Gossypium hirsutum L.), a close relative of okra, exposure to acid during delinting 
improves subsequent seed germination (Lancon & Klassou, 1988) not due to hardseed 
but softening.  
Hot water is another scarification method that has been used for enhancing 
germination of okra (Onwueme, 1975). Passam and Polyzou (1997) reported that the 
germination of Boyiatiou was increased by the immersion of seeds in hot water (60oC 
for 30 min) and was maximal (90%) when this treatment was followed by acid 
scarification. It is believed that hot water, which is a form of thermal scarification 
(Budy et al., 1986), breaks physical (seed coat) dormancy in seeds by causing 
localised cracks in the seed coats without altering the anatomy of the micropyle. The 
cracks then allow water to enter, which initiates germination (Baskin and Baskin, 
1999). Hot water may also have other influences such as causing thermal shock to the 
embryo, or leaching of inhibitors (Budy et al., 1986). Singh and Dhillon (1996) 
reported that seeds of Desmathus spp. were damaged and no germination resulted 
when they were soaked in boiling water at 100◦C for 15 minutes. On the other hand, 
Ortega et al., (1993) reported 100% germination of fodder legume seeds that were 
soaked in boiling water at 100◦ C, but the exposure time was relatively short (3–6 
minutes). It should be mention that duration of soaking is important in elimination 
hardseednedd. 
 
Aims of the research 
Although okra is an important vegetable crop in many parts of the world, it is clear 
from the literature review that it has been researched less than other vegetable crops 
such as tomato and cucumber. Additionally, most experiments on okra have been 
concerned with the production and quality of the fresh crop, whereas relatively few 
studies on seed production and seed quality have been reported.  
The present work aims to address this area by setting experiments carried out 
to obtain a greater understanding of factors affecting okra seed production, seed 
quality and germination ability. Specifically, the work is divided into the following 
sections: 
- Study the effect of sowing time (chapters 2-3 and 7).  
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- Study the effect of fertilizer (N) (chapters 2, 3 and 7). 
- Study the effect of harvest time (chapters 3,4,5,7 and 8). 
- Study the effect of plant part (chapters 3, 4, 5). 
- Study the effect of micronutrients (chapters 4). 
- Study the effect of gibberellic acid (chapters 5). 
- Study the effect of CCC (chapters 8). 
- Study the effect of fruit loading (chapters 6). 
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Chapter 2 
The effect of N application on okra pod and seed characteristics in relation to 
harvest time 
 
Abstract 
The aim of the present study was to examine the effect of nitrogen (N) application on 
the seed characteristics and pod production of four cultivars of okra (Abelmoschus 
esculentus L.) in relation to harvest time. The study comprised two experiments 
during the growing season of 2011. Seeds of four okra cultivars, ‘Boyatiou’, 
‘Veloudo’, ‘Clemson’ and ‘Pylaias’, were sown in seed trays and transplanted to the 
field. The experimental treatments were three fertilizer levels: F1 (150 mg N L-1, 
control), F2 (300 mg N L-1) and F3 (450 mg N L-1) and four harvest times: T1, (30 
days after anthesis, DAA) T2, (35 DAA), T3 (40 DAA) and T4 (50 DAA). From the 
results it was found that in both experiments the level of N had a variable effect on 
pod length and diameter depending on the cultivar and harvest time. Similarly, harvest 
time did not affect pod length, but a reduction in pod diameter was observed during 
the later harvests (40-50 DAA). The number of seeds per pod tended to decrease 
during the later harvests (40-50 DAA), but was not consistently affected by the N 
application rate. In both experiments the mean 100 seed weight decreased 
significantly with harvest time in all cultivars. The major decrease occurred between 
35 and 40 DAA in experiment 1 and between 40 and 50 DAA in experiment 2. There 
was no consistent effect of N on mean 100 seed weight. In contrast, increasing N 
levels tended to increase the percent of seed germination, although not necessarily to a 
statistically significant level. In experiment 1, maximum germination was recorded 
for seeds harvested at 35-40 DAA, whereas in experiment 2 germination was highest 
for seeds harvested at 40 DAA (‘Boyiatiou’, ‘Veloudo’ and ‘Pylaias’) and 40-50 
DAA (‘Clemson’). 
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Introduction 
The effect of nitrogen (N) application on okra growth, green pod production, seed 
production and the occurrence of seed hardness in okra (Abelmoschus esculentus [L.] 
Moench) has been reported in many studies (Majanbu et al., 1985; Shrestha, 1983; 
Olasantan, 1994; Kabura et al., 2002; Rekoumi et al., 2012).  
 With respect to green pod production, Anjum and Amjad (1999) applied 
various levels of N, P and K to okra cv. ‘Pusa Sawani’ and reported that plant height, 
the number of leaves and pods per plant, pod length and green pod yield increased 
when the highest fertilizer rate was applied, namely 125, 100 and 80 Kg ha-1 of N, 
P2O5 and K2O, respectively. In contrast, Amjad et al., (2001) reported that fertilizer 
levels did not affect green pod length and yield of okra cv. ‘Pusa Sawani’, while Saif 
et al. (2008) and Kashif et al. (2012) reported that plant height and green pod yield 
were significantly affected by N fertilization or by N in combination with CaC2. 
 In seed crops, a number of studies have shown that seed yield, the number of 
pods per plant, pod diameter, the number of seeds per pod and 1000 seed weight are 
affected by fertilizer rates (Singh and Pandita, 1981; Majanbu et al., 1985; Lenka et 
al., 1989; Naik and Srinivas, 1992; Dwievedi et al., 1993). In Greece, Rekoumi et al. 
(2012) reported that the number of pods per plant was highest when the highest N 
level was applied within the irrigation water (300 mg L-1).  
Other cultivation factors that affect okra seed production and yield include the 
sowing date (Sing et al., 1986; Yadav and Dhankar, 2001), the genotype and climatic 
conditions (Tindall, 1983; Nonnecke, 1989). In the fresh crop too, sowing date 
influences the number of pods per plant, fruit diameter, plant height and total yield per 
hectare analogous with the genotype (Shujat et al., 2006). 
Seed hardness is a serious problem in some okra cultivars and is strongly 
affected by harvest time and the rate of pod drying (Demir 1997, 2001; Passam and 
Rekoumi, 2009). In particular, delayed harvest increases the incidence of hard seeds, 
mostly due to the development of a hard cuticle or impermeable cell layers within the 
seed coat during the later stages of seed development (El Balla et al., 2011) which 
inhibit water uptake after sowing. Chauhan and Bhandri (1971) and El Balla et al. 
(2011) reported that okra seeds harvested at 30 and 27-30 DAA respectively had the 
maximum percent of seed germination, whereas Marcia Maria et al. (2008) proposed 
delayed harvesting of pods (34-41 DAA) for higher germination rates. Demir (1997) 
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reported that okra seeds failed to germinate when harvested up to 32 DAA, whereas 
the highest germination rate was observed when seeds were harvested from 39 to 44 
DAA. In addition, Setubal et al. (1994) and Passam et al. (1998) reported that 
harvesting at the stage of senescence, as well as premature harvesting, reduced seed 
germination.  
Okra is the only important vegetable crop in Greece that is cultivated almost 
exclusively from domestically produced seed (Passam and Rekoumi, 2009). It is 
known that one of the major local okra cultivars (‘Boyiatiou’) is highly susceptible to 
seed hardness (Passam and Polyzou, 1997), but the relative incidence of hard seeds in 
field seed crops of this and other local cultivars in relation to growing conditions has 
not been studeied. Therefore, the objective of the present study was to determine the 
effect of two such conditions (harvest time and N application rate) on the pod and 
seed characteristics of four okra cultivars. 
 
 
Material and Methods 
Experimental conditions 
The present experiments were carried out at the Experimental Farm of the University 
of Thessaly, Greece during the growing season of 2011. Plants were cultivated in soil, 
the composition of which was 48% Sand, 29% Silt, 23% Clay and 1.3% organic 
matter with pH 7.9.  
 
Plant material, treatments and data collection 
Seeds of four okra cultivars (‘Boyatiou’, ‘Veloudo’, ‘Pylaias’ and ‘Clemson’) were 
sown in seed trays on 1 and 20 May 2011 (Experiments 1 and 2, respectively) and 
kept under controlled temperature (20°C) until field transplantation. In both 
experiments, plants were transplanted 20 days after sowing at the stage of 3-4 true 
leaves, and placed in rows with 1 m between each row and 30 cm between plants 
within the rows. The plants were irrigated regularly on a weekly basis via a drip 
irrigation system. Fertilizers were applied manually at regular intervals (one time per 
week) at a dose of 0.5 L per plant. P and K, each were applied at a constant 
concentration of 150 mg L-1, while N was applied at three levels i.e. 150 mg L-1 (F1 or 
control), 300 mg L-1 (F2) and 450 mg L-1 (F3). Side shoots were not removed and the 
total number of flowers induced and the number of pods set per plant (i.e. on the main 
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stem and side shoots) were recorded.  
The pods were harvested from plants at four times i.e. Days After Anthesis, 
(DAA) namely 30, 35, 40 and 50. For each harvest time, 5 pods (of plants) were 
randomly selected and pod length (including the beak, but not the peduncle), pod 
diameter, the average number of seeds per pod and 100-seed weight recorded.  
Tagging of flowers started from August and harvesting in relation to the time 
from anthesis (30-35-40 and 50 DAA) began in September and continued into 
October. 
Seed germination tests were conducted using 100 seeds per treatment, with 
four replications. The germination tests were carried out on seeds after extraction 
from the pods either immediately after harvest. Just prior to the germination tests, 
seeds were surface sterilized first with Chlorine Dioxide, 1 to 20 parts deionised water 
for 10 sec. and then Mancozeb fungicide (86 %) and placed in sterilized Petri dishes 
on a double layer of Whatman No. 1 filter paper moistened with distilled water. The 
Petri dishes were placed in the dark in an incubator at 25 °C for 21 days and every 2 
days germinated seeds were counted and removed and, in the case of moisture 
deficiency, distilled water was added. Seeds were considered germinated when the tip 
of the radical had grown free of the seed coat (Wiese and Binning, 1987; Auld et al., 
1988). Those seeds which did not germinate (not hydrated) and remained rigid after 
the time period of 21 days in the incubator were considered to be hard seeds, but 
without testing by scarification (Passam and Polyzou, 1997) or another means, e.g. 
tetrazolium (Moore, 1985). Germination percentage was calculated by the following 
formula (ISTA, 2009).   
100 x 
testedseeds ofNumber 
germinated seeds ofNumber  = (%)n Germinatio
 
 
The rate of germination, or germination speed, of the seed lots was derived from the  
formula: 
Mean Germination Time= Σn / Σ (n X Dn) x 100 
Rate of Germination= 1/mean germination Time 
Where, n is the number of seeds which germinated on day n. D  is the number of days 
counted from the beginning of the germination test, Σ is the total days of germination 
period,  R is speed or rate of germination.  
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 Statistical analysis 
The experiment was laid out in a Randomized Complete Block design with factorial 
arrangements using three replications (3×12=36 plots (2*2m) and 10 plants in each 
plot) (Field plan table 1). Statistical analysis was carried out by using SAS statistical 
package software (SAS Institute Inc., USA) and the means were compared by 
employing least significant difference (LSD) test at p < 0.05. Graphs were generated 
by using Microsoft Excel software (Microsoft Corporation, USA). 
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Fig 1. Climatic features of the experimental site during the cultivation period (arrows 
show the duration of pod harvest).  
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Table 1 .  Field plan of the experiment(s). 
 
 
 
12 11 10 9 8 7 6 5 4 3 2 1 
 
V2F1 
 
V2F2 V4F3 V3F1 V4F2 V1F2 V3F3 V2F3 V1F3 V3F2 V1F1 V4F1 Replicate I 
 
 
 
V1F2 
 
V2F1 V3F2 V2F3 V3F1 V1F3 V3F3 V4F1 V2F2 V4F2 V4F3 V1F1 Replicate II 
 
 
 
 
V2F2 
 
V3F1 V2F1 V3F2 V2F3 V1F3 V1F1 V3F3 V4F3 V1F2 V4F1 V4F2 Replicate III 
 
 
Abbrivations: V: variety; F: other treatment (fertilizer, micronutrient, GA, fruit 
loading, CCC).  
 
 
Results  
Harvesting and climatic conditions 
The climatic conditions of the experimental site are given in Fig. 1. The temperature 
gradually increased from May to July and then decreased till October. There was a 
difference of about 12-16 °C between minimum and maximum temperatures (in mean 
overall differences) throughout the experimental period. There was no rainfall during 
July, but during the other months varied from 23 to 43 mm; relative humidity thus 
decreased during July, but afterwards increased progressively. This means that as the 
number of days from anthesis increased (from 30-50 DAA) pods were increasingly 
exposed to lower temperatures and higher humidity. 
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 Table 2. Pod and seed development of cv. ‘Boyiatiou’ in relation to N application and 
time of harvest, experiment 1.  
Harvest time (DAA) Characteristic Fertilizer 
30 35 40 50 
LSD 
F1 16.9a(a) 16.5a(a) 18.4a(a) 17.4a(a) 2.2 
F2 18.2a(a) 15.6a(b) 17.8a(ab) 18.1a(a) 2.3 
Pod length 
   F3 18.7a(a) 15.8a(b) 17.6a(a) 17.3a(a) 2.4 
LSD 2.3 3.6 1.3 1.4  
F1 2.6a(a) 2.0a(bc) 2.2a(b) 1.8a(c) 0.4 
F2 2.4b(a) 2.2a(b) 2.2a(b) 2.0a(c) 0.2 
Pod diameter 
  F3 2.4b(a) 2.3a(b) 2.1a(c) 1.9a(d) 0.1 
 LSD 0.1 0.4 0.1 0.2  
F1 76.0ab(a) 74.5a(a) 61.1a(b) 62.4ab(b) 5.3 
F2 78.5a(a) 65.6b(b) 62.6a(b) 59.6b(b) 7.6 
Seed number 
per pod 
  
F3 69.4b(ab) 75.2a(a) 61.0a(c) 66.6a(bc) 6.1 
 LSD 7.1 2.7 8.6 6.1  
F1 38.0ab(a) 34.0a(ab) 19.7a(b) 19.3a(b) 16.2 
F2 34.2b(a) 31.9a(a) 19.7a(a) 18.1b(a) 16.7 
100 seed 
weight (g) 
  
F3 41.1a(a) 30.1a(ab) 19.6a(b) 19.5a(b) 16.3 
 LSD 2.2 3.9 0.8 1.1  
F1 36.6a(b) 43.8a(ab) 58.3a(a) 30.4a(b) 16.1 
F2 36.7a(b) 46.8a(b) 62.0a(a) 35.7a(b) 14.2 
Germination 
(%) 
  
F3 39.2a(bc) 49.8a(b) 63.8a(a) 36.2a(c) 13.5 
 LSD 6.9 10.5 1.9 6.6  
Mean separation by LSD test. Means in each column for each harvesting time separately followed by 
the same letter do not differ significantly at p=0.05. Mean values in the same row for each 
characteristics and fertilizer level separately followed by different letters in parenthesis differ 
significantly at p = 0.05.  
 
 
Mean Pod Length 
First experiment  
Harvest time and N application rate had a significant effect on the pod length of 
all cultivars tested in this experiment (Tables 2-5). However different trends were 
observed depending on the cultivar. In cv. ‘Boyatiou’, increasing N rate had no effect 
on pod length, irrespective of the time of harvest (Table 2). In ‘Veloudo’, using the 
highest level of N reduced pod length at pods that harvested at 35 DAA, but increased 
pod length at 40 and 50 DAA, although in this variety application higest level of N  
had no effect at 30 DAA (Table 3). In ‘Pylaias’ increasing N caused a reduction in 
pod length at 50 DAA, but not earlier (Table 4), whereas in ‘Clemson’ pod length was 
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higher at 30 and 50 DAA following increased N application (Table 5). Overall, pod 
length did not vary with harvest date (Tables 2-5).  
 
Second experiment 
In the second experiment, mean pod length of ‘Boyatiou’ was not affected by N 
application or by the time of harvest (Table 6). Similarly, there was no consistent 
effect on N or harvest date on the pod length of ‘Veloudo’ (Table 7) ‘Pylaias’(Table 
8) or ‘Clemson’ (Table 9).  
 
 
Table 3. Pod and seed development of cv. ‘Veloudo’ in relation to N application and 
time of harvest, experiment 1.  
Harvest time (DAA) Characteristic Fertilizer 
30 35 40 50 
LSD 
F1 22.1a(a) 23.1a(a) 22.1b(a) 19.4b(b) 2.0 
F2 22.4a(a) 22.4ab(a) 20.9b(b) 22.3a(a) 1.9 
Pod length 
   F3 21.1a(b) 20.9b(b) 24.4a(a) 20.8ab(b) 1.7 
LSD 2.1 1.6 1.4 2.3  
F1 2.1b(b) 2.5a(a) 2.1b(b) 1.9a(c) 0.2 
F2 2.4a(a) 2.3b(b) 1.9c(b) 2.3a(a) 0.2 
Pod diameter 
  F3 2.4a(a) 2.3b(b) 2.3a(b) 1.7a(c) 0.1 
 LSD 0.2 0.1 0.1 4.8  
F1 52.2b(b) 74.3a(a) 57.1ab(b) 53.0a(b) 12.4 
F2 56.6b(b) 78.4a(a) 64.8a(b) 38.6b(c) 9.4 
Seed number 
per pod 
  
F3 69.2a(ab) 76.2a(a) 47.4b(c) 64.5a(b) 8.8 
 LSD 7.5 5.3 14.3 12.1  
F1 36.1b(a) 41.3a(a) 29.0a(a) 33.4a(a) 15.4 
F2 42.1ab(a) 43.0a(a) 27.5a(ab) 23.7b(b) 15.7 
100 seed 
weight (g) 
  
F3 46.2a(a) 39.8a(b) 25.1a(bc) 23.0b(c) 15.5 
 LSD 7.3 3.5 4.2 6.9  
F1 40.5b(b) 64.0a(a) 64.6b(a) 55.8a(ab) 16.0 
F2 50.2a(b) 62.8a(b) 76.4a(a) 57.0a(b) 16.4 
Germination 
(%) 
  
F3 49.5a(b) 58.4a(b) 72.1ab(a) 57.8a(b) 11.5 
 LSD 8.6 12.4 8.0 19.3  
Mean separation by LSD test. Means in each column for each harvesting time separately followed by 
the same letter do not differ significantly at p=0.05. Mean values in the same row for each 
characteristics and fertilizer level separately followed by different letters in parenthesis differ 
significantly at p = 0.05.  
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Table 4. Pod and seed development of cv. ‘Pylaias’ in relation to N application and 
time of harvest, experiment 1. 
Harvest time (DAA) Characteristic Fertilizer 
30 35 40 50 
LSD 
F1 16.8a(c) 18.6a(b) 19.3a(b) 21.0a(a) 1.7 
F2 19.1a(a) 19.7a(a) 19.4a(a) 18.2b(a) 3.1 
Pod length 
   F3 17.2a(b) 19.9a(a) 18.7a(ab) 17.4b(b) 1.4 
LSD 2.7 2.6 2.1 1.1  
F1 2.3a(a) 2.3a(a) 2.1a(b) 1.9a(c) 0.1 
F2 2.2a(a) 2.3a(a) 1.8b(b) 1.7a(b) 0.2 
Pod diameter 
  F3 2.0a(b) 2.4a(a) 2.0a(b) 1.9a(c) 0.1 
 LSD 0.3 0.1 0.1 0.2  
F1 86.8a(a) 86.5a(a) 65.5a(b) 62.3a(b) 18.4 
F2 65.5b(b) 88.7a(a) 62.3a(b) 79.3a(ab) 18.0 
Seed number 
per pod 
  
F3 74.4ab(a) 74.0a(a) 62.7a(a) 73.8a(a) 16.5 
 LSD 17.5 15.6 13.4 23.5  
F1 34.9b(a) 35.0b(a) 24.7a(a) 24.1a(a) 15.5 
F2 42.0a(a) 43.9a(a) 23.0a(b) 22.2b(b) 16.2 
100 seed 
weight (g) 
  
F3 40.0ab(a) 42.5a(a) 25.2a(b) 22.3b(b) 16.1 
 LSD 5.7 5.0 4.4 1.7  
F1 49.1c(c) 57.6b(b) 78.8b(a) 74.1b(a) 7.7 
F2 51.5b(b) 58.3b(b) 81.5b(a) 81.0a(a) 6.9 
Germination 
(%) 
  
F3 54.8a(c) 61.0a(c) 96.4a(a) 88.4a(b) 7.1 
 LSD 2.3 1.7 4.9 4.9  
Mean separation by LSD test. Means in each column for each harvesting time separately followed by 
the same letter do not differ significantly at p=0.05. Mean values in the same row for each 
characteristics and fertilizer level separately followed by different letters in parenthesis differ 
significantly at p = 0.05.  
 
 
 
Mean Pod Diameter: 
First experiment  
In ‘Boyiatiou’, pod diameter decreased with increasing N at 30 DAA, but not 
later (Table 2). In ‘Veloudo’, increasing N caused an increase (30 and 40 DAA) or 
decrease (35 DAA) in pod diameter (Table 3), whereas in ‘Pylaias’ (Table 4) and 
‘Clemson’ (Table 5) N had virtually no effect on pod diameter. In all the cultivars, 
pod diameter decreased with age (especially at 40-50 DAA) (Tables 2-5).  
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Second experiment 
Similarly, in the second experiment, pod diameter was virtually unaffected by N 
application, but decreased significantly with the delay in harvest (40-50 DAA) 
(Tables 6-9). 
 
 
Table 5. Pod and seed development of cv. ‘Clemson’ in relation to N application and 
time of harvest, experiment 1. 
Harvest time (DAA) Characteristic Fertilizer 
30 35 40 50 
LSD 
F1 16.0b(a) 15.5a(bc) 15.7b(ab) 15.2b(c) 0.4 
F2 15.2b(b) 14.5a(b) 17.2a(a) 14.9b(b) 1.6 
Pod length 
   F3 18.7a(a) 14.9a(c) 15.4b(bc) 16.3a(b) 1.4 
LSD 1.9 1.4 0.6 0.8  
F1 1.7a(a) 1.5a(b) 1.2a(c) 1.1b(d) 0.08 
F2 1.8a(a) 1.4a(b) 1.1b(c) 1.2a(c) 0.2 
Pod diameter 
  F3 1.9a(a) 1.5a(b) 1.2a(c) 1.2a(c) 0.2 
 LSD 0.3 0.1 0.09 0.03  
F1 102.0a(a) 100.5a(a) 67.5a(b) 81.1a(b) 15.6 
F2 88.2ab(ab) 105.6a(a) 72.7a(b) 84.5a(b) 17.6 
Seed number per 
pod 
  F3 78.2
b(ab) 88.2b(a) 67.8a(b) 81.7a(a) 18.9 
 LSD 18.2 6.4 20.6 19.9  
F1 37.7ab(ab) 41.7a(a) 22.0a(bc) 20.1b(c) 16.1 
F2 35.1b(a) 35.0b(a) 23.5a(a) 22.0a(a) 15.7 
100 seed weight 
(g) 
  F3 38.9
a(a) 35.8b(ab) 22.2a(b) 20.3b(b) 16.2 
 LSD 3.7 2.6 2.5 1.1  
F1 56.5a(b) 62.2b(b) 88.5b(a) 91.6a(a) 7.2 
F2 56.1a(b) 62.0b(b) 90.5b(a) 86.6b(a) 7.2 
Germination (%) 
  F3 55.8a(c) 64.8a(b) 95.3a(a) 93.7a(aa) 7.2 
 LSD 2.0 1.5 4.0 3.5  
Mean separation by LSD test. Means in each column for each harvesting time separately followed by 
the same letter do not differ significantly at p=0.05. Mean values in the same row for each 
characteristics and fertilizer level separately followed by different letters in parenthesis differ 
significantly at p = 0.05.  
 
 
Mean Number of Seeds per Pod 
First experiment 
The mean number of seeds per pod was not consistently affected by N rate in 
‘Boyiatiou’ (Table 2), ‘Veloudo’ (Table 3) or ‘Pylaias’ (Table 4), but was lower in 
‘Clemson’ at the high N levels when harvested at 30-35DAA, but not later (Table 5).  
In ‘Boyiatiou’, the number of seeds per pod was lower during the later (40-50 DAA) 
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harvests than at 30-35 DAA (Table 2), but there was no consistent effect of harvest 
time on the seed number per pod in the other cultivars (Tables 3-5), except ‘Pylaias’ 
(Table 4) and ‘Clemson’ (Table 5) at the lowest N level, where seed number 
decreased at the later harvests. 
 
Second experiment 
Overall, the number of seeds per pod was not affected by N application rate, 
irrespective of cultivar (Tables 6 and 9), except for a reduction in seed number in 
‘Boyiatiou’ harvested at 30 and 40 DAA (Table 6), ‘Clemson’ harvested at 35 DAA 
(Table 8), and an increase in ‘Pylaias’ harvested at 30 and 40 DAA (Table 8). In all 
four cultivars the late harvest (50 DAA) resulted in a lower number of seeds per pod, 
regardless of N rate, but not necessarily to a statistically significant level (Tables 6-9). 
 
Table 6. Pod and seed development of cv. ‘Boyiatiou’ in relation to N application and 
time of harvest, experiment 2.  
Harvest time (DAA) Characteristic Fertilizer 
30 35 40 50 
LSD 
F1 18.0a(a) 18.0ab(a) 17.3a(a) 18.3a(a) 1.1 
F2 18.5a(a) 17.0b(a) 19.0a(a) 17.6b(a) 2.2 
Pod length 
   F3 18.9a(a) 18.1a(a) 19.2a(a) 18.2a(a) 1.7 
LSD 1.2 1.0 3.1 0.7  
F1 2.4a(a) 2.0a(c) 2.0a(c) 2.2a(b) 0.2 
F2 2.5a(a) 2.1a(b) 2.1a(b) 1.9b(c) 0.2 
Pod width 
 F3 2.6a(a) 1.5a(a) 2.2a(b) 1.9b(c) 0.2 
 LSD 0.2 0.1 0.2 0.1  
F1 69.6a(ab) 58.0a(b) 85.6a(a) 64.0a(b) 19.8 
F2 69.6a(a) 63.0a(b) 72.3ab(a) 67.3a(ab) 5.8 
Seed number per 
pod 
  F3 63.0
b(a) 67.3a(a) 63.0b(a) 67.0a(a) 12.1 
 LSD 6.4 13.8 22.1 7.7  
F1 37.2b(a) 29.4a(b) 25.5a(bc) 20.9b(c) 5.0 
F2 38.0ab(a) 32.2a(b) 27.8ab(c) 19.7b(d) 2.3 
100 seed weight (g) 
  F3 39.7a(a) 32.6a(b) 30.6a(b) 25.4a(c) 4.4 
 LSD 1.2 5.5 5.2 3.2  
F1 38.8b(c) 48.4a(b) 63.0b(b) 40.5a(c) 2.9 
F2 40.7a(c) 51.0a(b) 65.2b(a) 40.7a(c) 2.2 
Germination (%) 
  F3 44.5a(c) 56.5a(b) 72.1a(a) 42.7a(c) 6.0 
 LSD 4.9 3.5 4.5 3.2  
Mean separation by LSD test. Means in each column for each harvesting time separately followed by 
the same letter do not differ significantly at p=0.05. Mean values in the same row for each 
characteristics and fertilizer level separately followed by different letters in parenthesis differ 
significantly at p = 0.05.  
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Table 7. Pod and seed development of cv. ‘Veloudo’ in relation to N application and 
time of harvest, experiment 2.  
Harvest time (DAA) Characteristic Fertilizer 
30 35 40 50 
LSD 
F1 24.0a(a) 20.9a(b) 21.1b(b) 20.1a(b) 2.8 
F2 21.4b(b) 19.1a(c) 25.1a(a) 22.2a(b) 2.3 
Pod length 
   F3 21.9b(a) 20.7a(a) 20.5b(a) 21.7a(a) 2.7 
LSD 1.9 2.7 2.8 3.1  
F1 2.6a(a) 2.0a(bc) 2.2a(b) 1.7a(c) 0.4 
F2 2.4a(b) 2.1a(c) 2.6a(a) 1.8a(d) 0.1 
Pod width 
  F3 2.5a(a) 2.2a(ab) 2.3a(a) 1.9a(b) 0.4 
 LSD 0.2 0.2 0.4 0.3  
F1 84.0a(a) 64.3b(b) 59.3a(bc) 58.6a(c) 14.0 
F2 75.0a(ab) 85.6a(a) 64.6a(bc) 60.0a(c) 14.2 
Seed number per 
pod 
  F3 71.0
a(a) 66.3b(a) 70.0a(a) 71.6a(a) 8.7 
 LSD 14.4 9.2 11.2 15.1  
F1 45.5b(a) 38.0ab(b) 44.6a(a) 24.1a(c) 6.0 
F2 45.6b(b) 33.2b(c) 49.7a(a) 24.4a(d) 2.5 
100 seed weight 
(g) 
  F3 50.2
a(a) 42.8a(b) 47.1a(ab) 25.1a(c) 4.9 
 LSD 2.5 6.7 5.6 2.7  
F1 43.6b(c) 51.2b(b) 70.8b(a) 51.8b(b) 4.1 
F2 44.7b(c) 53.4b(b) 74.7ab(a) 55.3b(b) 5.9 
Germination (%) 
  F3 50.2a(d) 57.5a(c) 76.8a(a) 63.0a(b) 4.1 
 LSD 4.3 3.6 5.1 6.1  
Mean separation by LSD test. Means in each column for each harvesting time separately followed by 
the same letter do not differ significantly at p=0.05. Mean values in the same row for each 
characteristics and fertilizer level separately followed by different letters in parenthesis differ 
significantly at p = 0.05.  
 
 
Mean 100 seed weight 
First experiment 
The mean 100 seed weight was not consistently affected by N application, with 
few exceptions: an increase with N level at 30 DAA (‘Veloudo’ and ‘Pylaias’) and a 
decrease at 50 DAA (‘Veloudo’ and ‘Pylaias’) or at 35 DAA (‘Clemson’) (Tables 2-
5). In all four cultivars, there was a significant decrease in mean 100 seed weight in 
relation to harvest time. In ‘Boyiatiou; this decrease was 35-43% between 35 and 40 
DAA (being less as N increased), while in ‘Veloudo’ the corresponding decrease for 
the same period was 30-37%, in ‘Pylaias’ 30-48% and in ‘Clemson’ 33-47%.  
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 Second experiment 
The application N tended to increase the 100 seed weight of ‘Boyiatiou’ (Table 
6) and ‘Clemson’ (Table 9) when harvested 30 or 50 DAA and ‘Veloudo’ (Table 7) at 
30 DAA. In contrast, the mean 100 seed weight of ‘Pylaias’ was less at the high N 
level when harvested at 30 or 50 DAA (Table 8). However, as in experiment 1, the 
time of harvest had a much greater effect than N on the mean 100 seed weight of all 
cultivars, but with the main decrease at 50 DAA (Tables 6-9), rather than at 40 DAA 
in experiment 1. For example, between 40 and 50 DAA the mean 100 seed weight 
decreased by 17-30% (‘Boyiatiou’), 46-51% (‘Veloudo’), 14-44% (‘Pylaias’) and 28-
34% (‘Clemson’). 
 
Table 8. Pod and seed development of cv. ‘Pylaias’ in relation to N application and 
time of harvest, experiment 2.  
Harvest time (DAA) Characteristic Fertilizer 
30 35 40 50 
LSD 
F1 20.5a(a) 16.6b(b) 18.7a(ab) 19.4ab(a) 2.6 
F2 20.8a(a) 20.8a(a) 18.6a(b) 20.6a(a) 1.8 
Pod length 
   F3 18.7b(ab) 18.1b(b) 19.7a(a) 17.4b(b) 1.6 
LSD 1.6 1.6 2.5 2.4  
F1 2.2ab(a) 1.6b(c) 1.9a(b) 1.7a(c) 0.2 
F2 2.3a(a) 2.1a(ab) 1.9a(bc) 1.7a(c) 0.3 
Pod width 
  F3 2.0b(a) 1.7b(b) 1.8a(b) 1.5a(c) 0.2 
 LSD 0.2 0.2 0.4 0.2  
F1 77.0b(a) 65.0b(b) 70.6ab(ab) 64.6a(b) 11.5 
F2 72.3b(b) 74.6b(ab) 80.6a(a) 70.6a(b) 6.7 
Seed number per 
pod 
  F3 88.3
a(a) 94.0a(a) 64.3b(b) 60.3a(b) 15.7 
 LSD 10.5 14.5 11.6 11.2  
F1 46.8a(a) 30.0b(b) 35.4ab(b) 23.7a(c) 6.2 
F2 47.1a(a) 39.7a(b) 27.9b(c) 24.0a(c) 5.7 
100 seed weight 
(g) 
  F3 38.9
b(a) 30.5b(b) 38.1a(a) 21.3b(c) 7.5 
 LSD 3.7 8.6 9.2 1.6  
F1 52.4a(d) 61.0a(c) 85.4b(a) 78.2a(b) 3.1 
F2 53.3a(d) 60.6a(c) 89.5ab(a) 81.6a(b) 3.1 
Germination (%) 
  F3 52.0a(d) 61.7a(c) 92.7a(a) 81.8a(b) 4.9 
 LSD 2.8 2.5 4.6 5.0  
Mean separation by LSD test. Means in each column for each harvesting time separately followed by 
the same letter do not differ significantly at p=0.05. Mean values in the same row for each 
characteristics and fertilizer level separately followed by different letters in parenthesis differ 
significantly at p = 0.05.  
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 Table 9. Pod and seed development of cv. ‘Clemson’ in relation to N application and 
time of harvest, experiment 2.  
Harvest time (DAA) Characteristic Fertilizer 
30 35 40 50 
LSD 
F1 17.0a(a) 15.2a(b) 16.4b(a) 16.8b(a) 0.8 
F2 17.9a(a) 15.3a(c) 17.3ab(b) 17.2b(b) 0.4 
Pod length 
   F3 17.7a(b) 15.5a(c) 18.4a(ab) 20.1a(a) 2.1 
LSD 1.0 0.6 1.3 2.0  
F1 1.8a(a) 1.4a(c) 1.5a(b) 1.3b(d) 0.1 
F2 1.8a(a) 1.4a(c) 1.6a(b) 1.2b(d) 0.08 
Pod width 
  F3 1.9a(a) 1.5a(b) 1.7a(ab) 1.6a(b) 0.3 
 LSD 0.2 0.1 0.3 0.2  
F1 92.3b(b) 92.0a(b) 107.0a(a) 86.3a(b) 12.6 
F2 102.0a(a) 83.0ab(b) 84.3b(b) 84.0a(b) 11.8 
Seed number per 
pod 
  F3 94.6
b(a) 76.0b(bc) 92.3ab(ab) 68.6a(c) 16.8 
 LSD 4.9 12.0 17.4 18.1  
F1 37.2b(a) 30.2a(b) 29.6a(b) 21.1b(c) 3.6 
F2 41.3a(a) 32.2a(b) 31.4a(b) 22.6ab(c) 5.5 
100 seed weight 
(g) 
  F3 41.0
a(a) 26.3a(b) 35.4a(a) 23.3a(b) 7.4 
 LSD 3.2 5.9 9.4 1.1  
F1 48.0b(c) 56.4a(b) 87.1b(a) 85.1a(a) 7.8 
F2 47.3b(c) 58.0a(b) 91.5a(a) 93.4a(a) 3.7 
Germination 
(%) 
  F3 52.0
a(c) 60.4a(b) 91.3a(a) 94.6a(a) 4.9 
 LSD 4.0 4.6 2.6 9.5  
Mean separation by LSD test. Means in each column for each harvesting time separately followed by 
the same letter do not differ significantly at p=0.05. Mean values in the same row for each 
characteristics and fertilizer level separately followed by different letters in parenthesis differ 
significantly at p = 0.05.  
 
 
Mean Germination 
First experiment 
Increasing N application appeared to increase the germination of ‘Boyiatiou’ 
irrespective of harvest date, but not to a statistically significant level (Table 2). In 
‘Veloudo’ (Table 3) high N levels significantly increased the germination of seeds 
harvested 30 DAA, but not thereafter, whereas in ‘Pylaias’ (Table 4) germination was 
invariably higher at the highest N level irrespective of harvest time, and in 
‘Clemson’(Table 5) higher in seeds harvested 35 or 40 DAA. In ‘Boyiatiou’ (Table 2) 
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germination was maximal for seeds harvested 35-40 DAA, while in the other cultivars 
(with few exceptions) germination was highest for seeds harvested 40-50 DAA 
(Tables 3-5). 
 
Second experiment  
Germination of seeds tended to increase with increasing N levels, but not in all 
cases (Tables 7-9). For example, germination of ‘Boyiatiou’ (Table 6) was higher at 
the higher N levels only for seeds harvested at 30-35 DAA, while in ‘Veloudo’ (Table 
7) germination was highest at the highest N level, irrespective of harvest time. In 
contrast, germination of ‘Pylaias’ (Table 8) significantly increased at the highest N 
level only in seeds harvested 40 DAA, whereas in ‘Clemson’ (Table 9) a similar result 
was obtained for seeds harvested 30 or 40 DAA. As in experiment 1, germination was 
significantly affected by the time of harvest, being maximal at 40 DAA (‘Boyiatiou’, 
‘Veloudo’ and ‘Pylaias’) and 40-50 DAA (‘Clemson’). 
 
 
Discussion 
Although high N rates are important for the edible crop like okra by aiming at 
fast vegetative growth and frequent harvesting, in the seed crop like corn vegetative 
growth must be restrained to encourage fruit development and maturation, hence more 
P and K, and less N, is needed (Dutta and Naik, 2009). Despite this,  increased seed 
yield has been reported with increasing N application, either in the form of an 
ammonium sulphate side-dressing (Zanin and Mota, 1995) or in the form of foliar 
sprays with urea (Gulshan Lal, 1997; Singh et al., 1999) or potassium nitrate (Naik et 
al., 2006). 
In the present experiments, N application was studied in relation to pod and 
seed characteristics. The outcome of the two experiments described is that the 
morphological characteristics of okra pods (length and diameter) are determined 
primarily by the genotype, as indicated in germplasm studies (Srivastava, 2009), 
while the rate of N application had a variable effect on depending on the cultivar and 
harvest time. For example, in cv. ‘Boyatiou’, increasing N rate had no effect on pod 
length, irrespective of the time of harvest (Table 2), whereas in the other cultivars pod 
length increased, decreased or was unaffected by N level depending on the time of 
harvest, suggesting that overall the effect of N was not possible to accurately defied. 
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Similarly, the effect of N on pod diameter was variable and did not show any 
consistent pattern with N rate irrespective of harvest time. In contrast, although pod 
length did not vary with harvest time, there was a general reduction in pod diameter as 
the pods dried. This meant that when pods were harvested at 40-50 DAA they were 
the same length, but thinner, than those harvested at 30-35 DAA. The difference 
presumably resulted from the decrease in moisture content as pods matured upon the 
mother plant. Variable effects of N application on pod length and diameter have 
previously been observed in relation to sowing time (Hossain et al., 1999; Shujat 
Hussain et al., 2006; Moniruzzaman et al., 2007), whereas Amjad et al. (2001) 
reported no significant response of okra plants to fertilization and considered the 
genotype and growing conditions to be more important. 
The number of seeds per pod tended to decrease during the later harvests (40-50 
DAA), but was not consistently affected by the N application rate. Similarly, in both 
experiments the mean 100 seed weight was affected significantly with harvest time in 
all cultivars, but was not consistently affected by the level of N. The major decrease 
in 100 seed weight occurred between 35 and 40 DAA in experiment 1 and between 40 
and 50 DAA in experiment 2. The decrease in 100 seed weight coincides with seed 
maturation (Dutta and Naik, 2009) (loose of water) and the earlier seed maturation 
observed in experiment 1 was presumably a result of the higher temperatures during 
this stage of the growth cycle compared with that in experiment 2. The lack of effect 
of N application on the number of seeds per pod and the 100 seed weight has already 
been reported by Sajid et al. (2012). The decrease in the number of seeds per pod (e.g. 
in ‘Boyatiou’) during the later stages of maturation presumably results from inter-seed 
competition at this time. It is well known that the presence of mature pods on the 
plant has an inhibitory effect on vegetative growth and further fruit set (Dhingra, 
2009) and this may well extend to seeds within the same pod. 
Perhaps the most significant effect of increasing N levels on okra seed 
characteristics was the observation of an increase in percent seed germination, 
although not necessarily to a statistically significant level. In experiment 1, maximum 
germination was recorded for seeds harvested at 35-40 DAA, whereas in experiment 2 
germination was highest for seeds harvested at 40 DAA (‘Boyiatiou’, ‘Veloudo’ and 
‘Pylaias’) and 40-50 DAA (‘Clemson’). The delay in optimum germination in 
experiment 2 probably resulted from the delay in seed maturation mentioned above, 
whereas the reduction in germination observed in ‘Boyiatiou’ and ‘Veloudo’ occurred 
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probably because of the increase in seed hardness. The frequency of occurrence of 
seed hardness in okra is a quality feature that is affected by various factors, such as 
genotype, fertilization, time of harvest and the climate during growth and maturation. 
Of the cultivars studied in the present study, ‘Boyatiou’ presented the highest 
percentage of hard seeds (followed by ‘Veloudo’), especially when pods were 
harvested at 50 DAA, regardless of the experiment and fertilizer rate, whereas 
‘Clemson’ did not reveal the occurrence of hard seeds. The susceptibility of 
‘Boyiatiou’ to seed hardness has been reported previously (Passam and Polyzou, 
1997; Passam et al., 1998), this characteristics is closely related to the rate of seed 
drying (Demir, 1997). The lower germination of ‘Boyiatiou’ at 50 DAA in experiment 
1, compared with experiment 2, again reflects the higher temperatures (and therefore 
the more rapid drying of seeds) in the first experiment. In the first experiment, the 
higher percentage of hard seeds in ‘Boyatiou’ and ‘Veloudo’, especially when low 
nitrogen rates were applied (F1 level, see Table 2) could be asociated to the higher 
maximum temperature and the lower average humidity under which pods of the first 
experiment matured (during July), compared with pods of the second experiment 
(August).  According to Passam et al. (1998) the percentage of hard seeds in 
‘Boyiatiou’ is particularly high during periods of very high temperatures (July-
August), whereas Demir (1997) reported that the hardness of the seed coat was 
increased by rapid seed drying. The tendency for increasing N application rates to 
result in higher germination may similarly result from an effect of N on seed hardness 
(Rekoumi et al., 2003). This effect, however, differed between cultivars and between 
harvest times, which may explain why Anjum and Amjad (1999) and Amjad et al. 
(2001) did not find an effect of N application on the germination of okra cv. ‘Pusa 
Sawani’ and ‘Pusa Sawaniit’, whereas elsewhere a positive effect of nitrogen has been 
reported (Majanbu et al., 1985; Shrestha, 1983; Kabura et al., 2002; Sajid et al. 2012).  
 
Conclusion 
In conclusion, okra pod and seed characteristics (pod length and diameter, 
seed number and 100 seed weight) are largely genetically determined traits that are 
not significantly affected by N application. In contrast, N appears to positively affect 
seed germination, depending on the cultivar and the time of harvest, reduction of seed 
hardness. Harvest time also has a significant effect on seed germination, due mainly 
to the increase in hard seeds in susceptible cultivars (‘Boyiatiou’ and ‘Veloudo’) 
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when harvest is delayed (40-50 DAA). Therefore, it is possible that seed quality of 
okra (e.g. ‘Boyiatiou’) could be improved by applying higher N rates and by 
harvesting pods during mid to late summer in our experimental region (Thessaly). 
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 Chapter 3 
Effect of N fertilization on the characteristics of pods and seeds of four okra 
cultivars harvested from different positions on the plant 
 
Abstract 
Four cultivars of okra (Abelmoschus esculentus [L.] Moench. cv. ‘Boyiatiou’, 
‘Veloudo’, ‘Pylaias’ and ‘Clemson’) were sown on 1 May (Experiment 1) or 20 May 
(Experiment 2) and fertilized with three nitrogen levels (150, 300 and 450 mg N l-1). 
The pods were harvested from three positions on the plant (upper, middle and lower 
portions relative to the main stem) and the seeds were extracted from the pods either 
immediately after harvest or after storage of the pods for 15 days at room temperature 
(i.e. after-ripened). In both experiments, flower induction was highest in ‘Clemson’ 
and lowest in ‘Boyiatiou’ and was significantly affected by the N level in all the 
cultivars, except ‘Pylaias’, the best N rates for flower induction being 150 and 300 
ppm N. Pod set increased with high N application (450 ppm N) in ‘Boyiatiou’ but not 
in the other cultivars grown here. Pod length and diameter varied between the 
cultivars but were largely unaffected by N level, irrespective of the position of the 
pods on the plant. In both experiments, pod length and diameter was lower in 
‘Clemson’ than in the other cultivars regardless of N levels and pod position. In 
contrast, the number of seeds per pod was higher in Clemson. No significant effect of 
N level on the 100-seed weight was detected, irrespective of the pod position at 
harvest (upper, middle and lower) or cultivar. Overall, seed germination was 
unaffected by N, although in ‘Boyiatiou’ germination tended to increase (not 
necessarily to a statistically significant level) with increasing N levels irrespective of 
the position of the pod on the plant at harvest and the timing of seed extraction. 
Germination was also not affected by storing the pods for 15 days before seed 
extraction. In all cultivars, germination increased with seed storage for 18 months. 
The percent germination (initial and after storage) was lowest in ‘Boyiatiou’ (44.9 and 
75.6 %, respectively) and maximum in ‘Clemson’ (75.3 to 95.4 %, respectively) in 
both experiments and irrespective of the drying method. 
 
Introduction 
Although several studies of the nutrient requirements of okra (Abelmoschus 
 61
Institutional Repository - Library & Information Centre - University of Thessaly
09/12/2017 05:56:24 EET - 137.108.70.7
esculentus [L.] Moench.) have been carried out, these have been concerned primarily 
with the fresh crop and almost entirely refer to large-fruiting cultivars, such as 
‘Clemson spineless’ (Asif and Greig, 1972; Shrestha, 1983; Olasantan, 1994; Lamont, 
1999).  In Greece and Turkey, however, there is a market preference for small-fruiting 
cultivars (Duzyaman and Vural, 2009; Koutsos, 2009) for which few data are 
available concerning their nutritional requirements and virtually none for the seed 
crop (Passam and Rekoumi 2009; Rekoumi et al. 2012). 
Nitrogen promotes the vegetative growth of plants and increases assimilation 
by making available more photosynthetic area (Chaurasia and Singh, 1999; Bangar et 
al., 2000). Olasantan (1999) reported that the growth and yield attributes of okra 
increased with increasing rates of N. The increases, however, were proportionally 
greater for growth attributes than for yield characters, and in a seed crop, seed quality 
expressed in terms of 100-seed weight, viability percentage and vigour did not show 
significant differences due to N application (Singh et al. 1999).  
Other factors affecting seed production and quality in okra include sowing 
time (Yadav et al., 2001), the prevailing environmental conditions (Anjum and 
Amjad, 1999; Yadav and Dhankhar, 1999; Amjad et al., 2001), genetic and soil 
factors (Majanbu et al., 1985).  
Fruit position on the plant has also been reported to influence seed quality in 
okra. For example, germination varied from 28-58% in upper pods, 29-87% in middle 
pods, and 67-83% in lower pods in different cultivars of okra (Bhatt and Srinivasa 
Rao, 1998). Malik et al., (2000) also found that the seeds obtained from the pods of 
the lower and middle nodes had better germination than those from the upper nodes. 
Seed quality may relate to the moisture content and the rate of seed drying, low final 
moisture content and rapid drying promoting the formation of hard seeds and reducing 
the percent of seed germination (Demir, 2001; El-Balla et al., 2011). Cabrera et al. 
(1995) was observed that no hard seed were detected until seeds reached 
physiological maturity, while El-Balla et al. (2011) reported that okra seeds at 13% 
moisture content tend to show little or no seed hardness, but once the moisture content 
dropped to 4-6% seed hardness became prevalent. Seed hardness varies among 
different okra cultivars (Bennett, 1959) and is particularly high in the Greek cv. 
‘Boyiatiou’ (Passam and Rekoumi, 2009). It is also affected by the level of N 
application during cultivation (Rekoumi et al., 2003). 
It is possible that the rate of seed drying relates to the position of the pod on 
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the mother plant. In view of the significance of N and the rate of seed drying on seed 
quality (especially seed hardness) two experiments were undertaken as described in 
this chapter. 
 
Material and Methods 
Experimental conditions 
The present studies experiments were carried out at the Experimental Farm of the 
University of Thessaly, Greece during the growing season of 2011. Plants were 
cultivated in soil, the composition of which was 48% Sand, 29% Silt, 23% Clay and 
1.3% Organic matter with pH 7.9.  
 
Plant material, treatments and data collection 
Seeds of four okra cultivars (‘Boyatiou’, ‘Veloudo’, ‘Pylaias’ and ‘Clemson’) were 
sown in seed trays on 1 and 20 May 2011 (Experiments 1 and 2, respectively) and 
kept under controlled temperature (20°C) until field transplantation. Plants were 
transplanted after 20 days in both experiments, when the plants had 3-4 true leaves, 
and placed in rows with 1 m between each row and 30 cm between plants within the 
rows. The plants were irrigated regularly on a weekly basis via a drip irrigation 
system. Fertilizers were applied manually at regular intervals (one time each week) at 
a dose of 0.5 L per plant. P and K, each were applied at a constant concentration of 
150 mg L-1, while N was applied at three levels i.e. 150 mg L-1 (F1 or control), 300 
mg L-1 (F2) and 450 mg L-1 (F3). Side shoots were not removed and the total flower 
induction per plant and the number of pods set per plant (i.e. on the main stem and 
side shoots) were recorded.  
The pods were harvested from three positions on the same plants, i.e. upper, 
middle and lower regions. For each position, 5 pods were randomly selected at each 
harvest and the pod dimensions (length of pod –including beak, but not the peduncle- 
and diameter), average number of seeds per pod and 100-seed weight recorded. After 
harvesting the pods, seeds were either dried within the pods for 15 days (pod drying 
method) or after immediate extraction from the pods (seed drying method). Both 
methods were applied at room temperature (about 25°C). Also in the pod drying 
method, the seed moisture content was determined prior to and after drying according 
to standard methods (ISTA, 2009). 
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Seed germination tests were conducted using 100 seeds per treatment, with four 
replications. Seeds were also stored at room temperature for a period of 18 months 
and tested for their germination potential at the end of storage. The germination tests 
were carried out on seeds after extraction from the pods, either immediately after 
harvest or after drying for 15 days at room temperature. Seed sterilization, seed 
germination and rate of germination have done and have calculated in the same way 
as were described in chapter 2.  
 
Statistical analysis 
The experiment was laid out in a Randomized Complete Block design with factorial 
arrangements using three replications (3×12=36 plots and 10 plants in each plot) (see 
table 1 in chapter 2 for field plan of the experiment). Statistical analysis was carried 
out by using SAS statistical package software (SAS Institute Inc., USA) and the 
means were compared by employing least significant difference (LSD) test at p < 
0.05. Graphs were generated by using Microsoft Excel software (Microsoft 
Corporation, USA). 
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Figure 1. Climatic features of the experimental site during the cultivation period 2011 
(arrows show the duration of pod harvest).  
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Results 
 
Harvesting and climatic conditions 
Tagging of flowers started from August and harvesting in relation to the time from 
anthesis (30-35-40 and 50 DAA) began in September and continued into October 
2011. The climatic conditions of the experimental site are given in Fig. 1. The 
temperature gradually increased from May to July and then decreased till October.  
 
 
Table 1. Effect of N levels on flower induction and pod set of different okra cultivars 
sown at two different dates 
Total flower induction 
(flowers/plant) 
Pod set 
(pods/plant) N level Cultivar 
(C) (mg l
-1) 
(F) Experiment 1 Experiment 2 Experiment 1 Experiment 2 
150 (F1) 14.8a 13.0a 5.5b 4.8b 
300 (F2) 8.6b 7.0b 5.0b 4.2b ‘Boyiatiou’ 
450 (F3) 13.4a 11.8a 11.5a 10.0a 
Mean 12.2 10.6 7.3 6.3 
LSD 2.6 2.7 2.5 2.4 
150 (F1) 20.5ab 18.9ab 18.4ab 15.0a 
300 (F2) 22.9a 21.0a 20.9a 16.9a ‘Veloudo’ 
450 (F3) 17.8b 16.0b 16.8b 13.8a 
Mean  20.4 18.6 18.7 15.2 
LSD 4.3 4.4 2.7 3.4 
150 (F1) 23.9a 21.0a 22.6a 19.9a 
300 (F2) 23.3a 21.0a 21.9a 17.9a ‘Pylaias’ 
450 (F3) 18.9a 16.4a 18.0a 14.9a 
Mean 22.0 19.4 20.8 17.5 
LSD 7.5 7.6 4.7 6.2 
150 (F1) 26.8a 24.8a 24.8ab 21.6b 
300 (F2) 29.6a 26.9a 28.0a 23.7a ‘Clemson’ 
450 (F3) 20.5b 18.7b 20.3b 18.5b 
Mean 25.6 23.4 24.3 21.2 
LSD 6.0 5.9 3.9 5.1 
C x F 
(C x F1) * * * * 
(C x F2) * * * * 
(C x F3) * * * * 
Mean separation by LSD test. Mean values in the same column for each cultivar separately followed by 
different letters differ significantly at p = 0.05. *= statistically significant (p<0.05).  
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 There was a difference of about 12-16 °C between minimum and maximum 
temperatures (in mean overall differences) throughout the experimental period. There 
was no rainfall during July, but during the other months varied from 23 to 43 mm. 
Relative humidity thus decreased during July, but afterwards increased progressively. 
This means that as the number of days from anthesis increased (from 30-50 DAA) 
pods were increasingly exposed to lower temperatures and higher humidity. 
 
Total flower induction 
In both experiments, flower induction was significantly affected by the N level in all 
the cultivars studied, except cv. ‘Pylaias’ (Table 1). At all the N levels, ‘Clemson’ 
produced a higher number of flowers per plant than the other cultivars. Except in 
‘Boyiatiou’, the flower induction of which was very low at 300 ppm N, in both 
experiments the best N rates were 150 and 300 ppm N.  Between cultivars, 
‘Boyiatiou’ produced the lowest number of flowers at all N levels, whereas ‘Clemson’ 
produced the highest number of flowers (Fig. 2).   
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Figure 2. Effect of N levels on total flower induction in four cultivars of okra 
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Pod set 
In both experiments, the N level had a significant effect on pod set in all the cultivars 
except ‘Pylaias’ (both experiments) and ‘Veloudo’ (experiment 2, only). In 
‘Boyiatiou’ pod set was highest at 450 ppm N, whereas in the other cultivars pod set 
was reduced at this N concentration, although not always to a statistically significant 
extent (Table 1). No differences in pod set were detected between N levels of 150 and 
300 ppm in any of the cultivars, except ‘Clemson’ where, in experiment 2, pod set 
was higher at 300 ppm N than at 150 ppm N (Table 1, Fig. 3).  
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Figure 3. Effect of N levels on number of pod set in four cultivars of okra. 
 
Pod length 
Overall, in experiment 1 pod length was significantly higher for pods harvested from 
the middle region of the plant than those at the lower or higher regions (Table 2), 
whereas in experiment 2 the same trend was observed (except in ‘Boyiatiou’), but to a 
non-significant degree (Table 3). In experiment 1, with few exceptions (Pylaias in the 
middle region and Clemson in both the middle and lower regions) there was virtually 
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no effect of N on pod length, irrespective of the position of the pods on the plant. 
Similarly in experiment 2, N level did not affect pod length in the majority of cases, 
irrespective of cultivar and pod position on the plant. 
 
 
Table 2. Effect of N levels on the length and diameter of pods harvested from different 
positions on the plant of four okra cultivars in the first experiment 
Pod length                   
(cm) 
Pod diameter               
(cm) Cultivar (C) 
N level 
(mg l-1) 
(F) Upper Middle Lower 
LSD 
Upper Middle Lower 
LS
D 
150 (F1) 17.8a(b) 18.9a(a) 15.2a(c) 1.4 2.2a(a) 2.3a(a) 2.0a(a) 0.4 
300 (F2) 17.2ab(ab) 18.8a(a) 16.3a(b) 1.9 2.1ab(a) 2.3a(a) 2.2a(a) 0.2 ‘Boyiatiou’ 
450 (F3) 16.2b(b) 19.3a(a) 16.6a(b) 1.9 1.9b(b) 2.3a(a) 2.2a(a) 0.1 
Mean 17.0 19.0 16.0  2.0 2.3 2.1  
LSD 1.4 0.8 2.6  0.2 0.2 0.3  
150 (F1) 20.1a(b) 24.1a(a) 20.8a(b) 1.4 2.0a(b) 2.2a(ab) 2.3a(a) 0.2 
300 (F2) 19.9a(c) 24.5a(a) 21.5a(b) 0.6 2.0a(a) 2.4a(a) 2.3a(a) 3.5 ‘Veloudo’ 
450 (F3) 21.0a(b) 23.9a(a) 20.5a(b) 1.4 2.0a(b) 2.3a(a) 2.2a(ab) 0.2 
Mean 20.3 24.1 20.9  2.0 2.3 2.2  
LSD 1.2 0.9 1.4  0.2 0.2 0.3  
150 (F1) 17.9a(b) 20.7a(a) 18.1a(b) 1.6 2.0a(a) 1.8a(b) 1.9ab(ab) 0.1 
300 (F2) 19.9a(a) 19.2b(a) 18.2a(a) 2.6 1.9b(a) 1.6a(b) 1.8b(ab) 0.2 ‘Pylaias’ 
450 (F3) 18.2a(ab) 19.2b(a) 17.5a(b) 1.4 2.1a(a) 1.7a(b) 2.0a(a) 0.2 
Mean 18.6 19.7 17.9  2.0 1.7 1.9  
LSD 2.5 0.6 2.2  0.2 0.2 0.1  
150 (F1) 15.6a(ab) 15.3b(b) 15.9ab(a) 0.4 1.6a(b) 1.6a(b) 1.8a(a) 0.1 
300 (F2) 14.9a(b) 17.0a(a) 14.5b(b) 1.3 1.6a(a) 1.6a(a) 1.8a(a) 0.3 ‘Clemson’ 
450 (F3) 15.6a(a) 16.9a(a) 16.4a(a) 1.7 1.7a(a) 1.7a(a) 1.9a(a) 0.3 
Mean 15.3 16.4 15.6 1.6 1.6 1.8 
LSD 0.9 1.0 1.7 0.2 0.2 0.1 
C x F  
(C x F1) * * * * * * 
(C x F2) * * * * * * 
(C x F3) * * * 
 
* * 
 
* 
Mean separation by LSD test. Mean values in the same column for each cultivar separately followed by 
different letters differ significantly at p = 0.05. Means in each row for each pod characteristic 
separately followed by the same letter in parenthesis do not differ significantly at p=0.05. 
*= statistically significant (p<0.05).  
 
 
 
Pod diameter 
Pod diameter was not significantly affected by the pod position on plant in either 
experiment and overall ranged from 1.6-2.3 cm (experiment 1) and 1.4-2.3 cm 
(experiment 2) (Tables 2-3). In addition, with few exceptions (e.g middle pods of 
Veloudo and upper pods of Clemson in experiment 2) pod diameter was not 
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significantly affected by the N levels (Tables 2-3).  
Overall, in both experiments the pod diameter of cv. ‘Clemson, was lower 
than that of the other cultivars, irrespective of N level and the position of the pods on 
the plant.  
 
 
 
Table 3. Effect of N levels on the length and diameter of pods harvested from different 
positions on the plant of four okra cultivars in the second experiment 
Pod length                   
(cm) 
Pod diameter               
(cm) 
LSD Cultivar 
(C) 
N level 
(mg l-1) 
(F) Upper Middle Lower 
LSD 
Upper Middle Lower  
150 (F1) 17.4b(b) 17.8a(ab) 18.6a(a) 0.9 2.1a(a) 2.2a(a) 2.1a(a) 0.2 
300 (F2) 19.9a(a) 17.5a(b) 16.6b(b) 1.6 2.3a(a) 2.1a(a) 2.1a(a) 0.2 ‘Boyiatiou’ 
450 (F3) 19.2ab(a) 18.4a(a) 18.2a(a) 1.4 2.2a(ab) 2.3a(a) 2.0a(b) 0.2 
Mean 18.8 17.9 17.8  2.2 2.2 2.0  
LSD 2.0 0.9 0.8  0.2 0.2 0.2  
150 (F1) 18.7a(c) 24.0a(a) 21.9ab(b) 2.0 1.7a(b) 2.4a(a) 2.2a(a) 0.3 
300 (F2) 20.8a(b) 21.7b(ab) 23.4a(a) 2.5 2.2a(a) 2.2b(a) 2.3a(a) 0.3 ‘Veloudo’ 
450 (F3) 19.8a(b) 22.9ab(a) 20.9b(ab) 2.1 2.0a(b) 2.4a(a) 2.3a(ab) 0.3 
Mean 19.7 22.8 22.0  1.9 2.3 2.2  
LSD 2.1 2.2 2.4  0.3 0.1 0.4  
150 (F1) 18.9a(ab) 20.4ab(a) 17.1b(b) 2.2 1.8a(ab) 2.0ab(a) 1.7a(b) 0.2 
300 (F2) 19.5a(b) 21.4a(a) 19.7a(b) 1.6 2.1a(a) 2.1a(a) 1.7a(b) 0.3 ‘Pylaias’ 
450 (F3) 19.7a(a) 18.5b(ab) 17.2b(b) 1.3 1.9a(a) 1.8b(ab) 1.6a(b) 0.2 
Mean 19.3 20.1 18.0  1.9 1.9 1.6  
LSD 2.0 1.3 1.9  0.3 0.2 0.2  
150 (F1) 16.0b(a) 16.9a(a) 16.2b(a) 0.8 1.6b(a) 1.5a(ab) 1.4a(b) 0.1 
300 (F2) 16.5b(a) 17.0a(a) 17.3a(a) 0.8 1.5b(a) 1.5a(a) 1.5a(a) 0.1 ‘Clemson’ 
450 (F3) 19.2a(a) 16.9a(b) 17.5a(ab) 2.1 1.9a(a) 1.4a(b) 1.6a(ab) 0.3 
Mean 17.2 16.9 17.0 1.6 1.4 1.5 
LSD 2.1 0.8 0.9 0.2 0.1 0.2 
C x F 
 
 
 
(C x F1) * * * * * * 
(C x F2) * * * * * * 
(C x F3) ns * * 
 
* * 
 
ns 
Mean separation by LSD test. Mean values in the same column for each cultivar separately followed by 
different letters differ significantly at p = 0.05. Means in each row for each pod characteristic 
separately followed by the same letter in parenthesis do not differ significantly at p=0.05. 
*= statistically significant (p<0.05).  
 
 
Number of seeds/pod 
The number of seeds per pod was higher in the pods from the middle and upper parts 
of the plant in ‘Clemson’ and ‘Pylaias’, as well as in ‘Boyiatiou’(at 450 ppm N) and 
‘Veloudo’ (at 150 ppm N) in experiment 1 (Table 4), but only in ‘Veloudo’ (350 and 
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450 ppm N) in experiment 2 (Table 5).  
The N level had no significant effect on the number of seeds per pod in any 
cultivar in either experiment, except ‘Veloudo’ where seed number was lower at 150 
ppm N than 450 ppm N in the lower pods (experiment 1) and upper pods (experiment 
2), but higher in ‘Pylaias’(middle pods) and ‘Clemson’ (lower pods) in experiment 1 
and in ‘Veloudo’ (middle pods) in experiment 2. 
 
 
Table 4. Effect of N levels on seed characteristics obtained from the pods harvested 
from different positions on the plants of four okra cultivars in the first experiment  
Number of seeds/pod 100-seed weight (g) 
Cultivar (C) 
N level 
(mg l-1) 
(F) 
Upper Middle Lower 
LSD 
Upper Middl
e 
Lower 
LSD 
150 (F1) 72.7a(a) 64.4a(b) 67.4a(ab) 6.9 28.9a(a) 26.2a(a) 28.2a(a) 7.3 
300 (F2) 68.2a(a) 63.2a(a) 68.4a(a) 8.8 25.1a(a) 28.1a(a) 24.7a(a) 6.4 ‘Boyiatiou’ 
450 (F3) 73.2a(a) 68.3a(ab) 62.7a(b) 5.7 26.5a(a) 26.8a(a) 29.4a(a) 7.9 
Mean 71.3 65.3 66.1  26.8 27.0 27.4  
LSD 19.4 8.1 6.6  10.4 10.7 11.7  
150 (F1) 71.5a(a) 57.9a(b) 48.0b(b) 10.1 34.5a(a) 35.9a(a) 34.4a(a) 8.2 
300 (F2) 62.8a(a) 56.3a(a) 59.8a(a) 14.6 35.3a(a) 35.7a(a) 31.2a(a) 8.1 ‘Veloudo’ 
450 (F3) 70.7a(a) 60.8a(a) 61.4a(a) 11.2 34.0a(a) 34.6a(a) 32.0a(a) 8.6 
Mean 68.3 58.3 56.4  34.6 35.4 32.5  
LSD 16.4 8.4 6.1  10.6 10.3 13.0  
150 (F1) 76.7a(ab) 88.3a(a) 60.8a(b) 15.8 31.8a(a) 28.9a(a) 28.3a(a) 5.4 
300 (F2) 74.7a(ab) 83.4ab(a) 63.7a(b) 16.4 35.0a(a) 29.8a(a) 33.5a(a) 9.5 ‘Pylaias’ 
450 (F3) 77.5a(a) 71.4b(a) 64.8a(a) 14.0 36.4a(a) 31.1a(a) 30.6a(a) 8.2 
Mean 76.3 81.0 63.1  34.4 29.9 30.8  
LSD 9.3 10.5 15.4  12.3 10.8 11.5  
150 (F1) 92.2a(a) 92.4a(a) 78.7a(a) 16.9 30.0a(a) 30.5a(a) 30.6a(a) 8.4 
300 (F2) 99.2a(a) 92.7a(a) 71.4ab(b) 14.6 30.0a(a) 29.3a(a) 27.4a(a) 5.6 ‘Clemson’ 
450 (F3) 92.2a(a) 84.8a(a) 60.0b(b) 12.3 26.7a(a) 31.3a(a) 29.9a(a) 7.3 
Mean 94.5 89.9 70.0 28.9 30.3 29.3 
LSD 10.1 13.5 16.8 11.1 11.0 6.5 
C x F  
(C x F1) * * * ns * * 
(C x F2) * * ns * ns * 
(C x F3) * * ns 
 
* ns 
 
ns 
Mean separation by LSD test. Mean values in the same column for each cultivar separately followed by 
different letters differ significantly at p = 0.05. Means in each row for each seed characteristic 
separately followed by the same letter in parenthesis do not differ significantly at p=0.05. 
*= statistically significant (p<0.05).  
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Table 5. Effect of N levels on seed characteristics obtained from the pods harvested 
from different positions on the plants of four okra cultivars in the second experiment. 
Number of seeds/pod 100-seed weight (g) 
Cultivar (C) 
N level 
(mg l-1) 
(F) 
Upper Middle Lower 
LSD 
Upper Middle Lower 
LS
D 
150 (F1) 70.7a(a) 71.7a(a) 65.5a(a) 18.9 31.2ab(
a) 
29.7a(ab) 23.8a(b) 6.1
300 (F2) 70.0a(a) 67.0ab(a) 67.2a(a) 5.6 30.3b(a) 29.4a(a) 28.6a(a) 6.0
‘Boyiatiou’ 
450 (F3) 68.0a(a) 59.0b(a) 68.2a(a) 9.7 35.7a(a) 31.8a(ab) 28.7a(b) 5.2
Mean 69.5 65.9 66.9  32.4 30.3 27.0  
LSD 19.4 8.1 6.6  5.4 5.7 6.2  
150 (F1) 56.5b(b) 73.5a(a) 69.7a(ab) 13.5 35.6a(a) 42.0a(a) 36.5a(a) 8.6
300 (F2) 68.2ab(b) 84.7a(a) 61.0b(b) 12.0 39.2a(a) 37.5a(a) 37.9a(a) 8.9‘Veloudo’ 
450 (F3) 75.0a(a) 67.0b(b) 67.2ab(b) 6.9 38.3a(a) 45.1a(a) 40.5a(a) 9.0
Mean 66.5 75.0 65.9  37.7 41.5 38.3  
LSD 16.4 8.4 6.1  7.4 7.7 11.0  
150 (F1) 70.0a(a) 63.0b(a) 75.0a(a) 9.8 33.6a(a
b) 
38.7a(a) 29.6a(b) 8.5
300 (F2) 77.7a(a) 72.5ab(a) 73.5a(a) 6.3 37.9a(a) 36.5a(a) 29.6a(a) 8.8
‘Pylaias’ 
450 (F3) 66.5a(a) 81.2a(a) 82.5a(a) 17.3 38.6a(a) 32.2a(ab) 25.7a(b) 7.6
Mean 71.4 72.2 77.0  36.7 35.8 28.3  
LSD 9.3 10.5 15.4  9.7 7.9 7.0  
150 (F1) 86.5a(b) 95.5a(ab) 101.2a(a) 11.5 31.0a(a) 30.9a(a) 26.6a(a) 5.5
300 (F2) 88.5a(a) 89.7a(a) 86.7b(a) 12.1 35.7a(a) 32.2a(ab) 27.7a(b) 6.9‘Clemson’ 
450 (F3) 80.5a(a) 85.2a(a) 83.0c(a) 17.1 35.9a(a) 33.0a(ab) 25.6a(b) 7.9
Mean 85.1 90.1 90.3 34.2 32.0 26.6 
LSD 10.1 13.5 16.9 7.2 6.8 6.5 
C x F  
(C x F1) * * * ns * * 
(C x F2) * * * * * * 
(C x F3) * * ns 
 
ns * 
 
* 
Mean separation by LSD test. Mean values in the same column followed by different letters differ 
significantly at p = 0.05. *= statistically significant (p<0.05); ns= not significant. (a): letter in 
parenthesis for horizontal analysis.   
 
 
 
100-seed weight 
Seed size expressed as the 100 seed weight was not affected by N level or the position 
of the pod on the plant in any cultivar in experiment 1 (Table 4). Similarly, in 
experiment 2 the 100 seed weight was not affected by N level, but was invariably 
lower in pods from the lower part of the plant compared with those from the middle 
and upper parts, but not always to a statistically significant degree (Table 5). 
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Seed moisture content at harvest and after pod drying 
The moisture content of seeds extracted from pods immediately after harvest was not 
significantly affected by the pod position on the plant or by the N level in either 
experiment and ranged from 25.5-37.5% in experiment 1 (Table 6) and 28.1-43.2% in 
experiment 2 (Table 8).  
 
 
Table 6. Effect of N levels on the moisture content and germination of seeds extracted 
from the pods immediately after harvest in relation to the position of the pods on the 
plant in experiment 1. 
Seeds extracted from pods immediately after harvest 
Moisture content at harvest 
(%) 
Germination (%) Cultivar 
(C) 
N level 
(mg l-1) 
(F) 
Upper Middl
e 
Lower 
LSD 
Upper Middle Lower 
LSD 
150 
(F1) 
29.9a(ab) 18.9a(b) 34.5a(a) 12.5 39.3a(a) 43.4a(a) 44.2a(a) 11.6 
300 
(F2) 
31.4a(a) 29.9a(a) 30.2a(a) 15.0 44.8a(a) 46.8a(a) 44.4a(a) 10.8 ‘Boyiatiou’ 
450 
(F3) 
27.  27.8 27.5 14.2 47.6 47.4  46.7  10.2 4a(a) a(a) a(a) a(a) a(a) a(a)
Mean 29.5 
 
25.5 30.7  43.9 45.8 45.1  
LSD 14.8 13.5 13.5  10.8 12.1 9.5  
150 (F1) 3  2 2 13 4 4 6  5  13.2 1.3a(a) 7.5a(a) 9.3a(a) . 7.6a(b) 5.1b(a) 6.0a(ab)
300 (F2) 3  2 3 12 9 4 ) 7  5 ) 10.6 0.9a(a) 5.5a(a) 2.0a(a) . 8.3a(b 8.2a(a) 8.3a(ab‘Veloudo’ 
450 (F3) 30.5a(a) 30.3a(a) 26.1a(a) 13.8 52.9a(b) 67.0ab(a) 58.5a(b) 8.6 
Mean 30.9 27.7 29.1  49.6 70.1 57.6  
LSD 13.3 13.6 13.1  9.8 12.3 10.6  
150 (F1) 3  3 3 19 5 6 6  6  11.1 5.7a(a) 3.6a(a) 5.7a(a) . 4.4a(a) 5.9a(a) 4.5a(a)
300 (F2) 3  3 3 17 7 6 6  6  11.9 9.4a(a) 0.1a(a) 3.4a(a) . 8.1a(a) 8.4a(a) 7.7a(a)‘Pylaias’ 
450 (F3) 37.6a(a) 32.6a(a) 31.1a(a) 17.1 77.1a(a) 75.1a(a) 73.2a(a) 15.4 
Mean 37.5 32.1 33.4  69.8 69.8 68.4  
LSD 18.4 17.2 18.7  13.2 13.3 12.3  
150 (F1) 3  3 3 17 1 7 7  7  13.6 3.3a(a) 0.7a(a) 1.8a(a) . 5.0a(a) 5.4a(a) 3.8a(a)
300 (F2) 4  3 3 18.1 7 7  7  13.2 1.6a(a) 0.9a(a) 2.0a(a) 5.9a(a) 4.2a(a) 1.3a(a)‘ on’ 
450 (F3) 35.3  34.6 32.6 16.4 78.1 76.0 ) 78.1  15.1 
Clems
a(a) a(a) a(a) a(a) a(a a(a)
Mean 36.7 32.0 32.1 76.3 75.2 74.4 
LSD 16.9 17.3 17.5 14.3 13.5 14.2 
C x F  
(C x F1) ns Ns ns * * * 
(C x F2) ns Ns ns * * * 
Ns ns 
 
* * * 
 
C x F3) ns (
M
si
ean separation by LSD test. Mean values in the same column followed by different letters differ 
gnificantly at p = 0.05. *= statistically significant (p<0.05); ns= not significant. (a): letter in 
arenthesis for horizontal analysis.   p
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Table 7. Effect of N levels on the cted 
from th 5 d lant 
e . 
 e  from pod s a es
 moisture content and germination of seeds extra
o sition ofe pods 1
riment 1
ays after harvest in relation t  the po  the pods on the p
in exp
Seeds xtracted s 15 day fter harv t 
Moisture c  h erm (%o tntent a arvest 
(%) 
G ination ) Cultivar (C) 
N level 
LSD LSD (mg l-1) 
(F) 
Upper Middle Lower Upper Middle Lower 
150 (F1) 1 b(  2.2 a) 1 a(a) 3.2 1 a(a)3.3 1  .5 4 a(c) 6.3 4 b(  9.4 b) 5 a(a) 1.5 4.0
300 (F2) 13 ) 1  1 1  5  5 ) 5  1.0 .6ab(ab 2 a(b).6 4 a(a).4 .0 1 a(b).3 4.0ab(a 4.5a(a)‘Boyiatiou’ 
450 (F3) 14.0a(a) 12.9a(a) 12.8a(a) 3.1 55.5a(b) 62.2a(a) 65.0a(a) 3.1 
Mean 13.2 12.9 13.5  51.0 55.2 57.8  
LSD 1.4 1.4 3.0  8.9 10.2 12.1  
150 (F ) 1  1.0 10 b ) .9 (ab 1 ) 1.9a(a 8 b(.8 b) 5 a(a) 5.8 6 b(  1.2 a) 5 b(  5.8 a) 1.  0
300 (F2) 1  9  1.3 5  6  6 ) 1.3 9 a(b) .8 1 a(a).2 .4b(b) 8 a(b).5 3 b(a).8 2 ab(a.4‘Veloudo’ 
7450 (F3) 10.3b(a) 9.1b(b) 10.8a(a) 0.9 63.0a(c) 2.1a(a) 67.0a(b) 0.9 
Mean 10.3 10.7 9.6  59.1 65.7 61.7  
LSD 1.0 1.3 0.9  9.5 8.6 9.7  
150 (F1 a) a) 1 (a) b) 72.5) 10.4b(  9.5b(  0.1a 1.0 71.9a(ab) 71a( a(a) 1.0 
300 (F2) 1  1  1 ) 0  7  7  7  0.7 0.6b(a) 0.8a(a) 0.9a(a .7 4.9a(b) 8.5a(a) 3.2a(c)‘Pylaias’ 450 (F3) 1  9 1 1  8  7 ) 7  1.2 2 a(a).1 .8b(b) 1 a(a.0
b) 
.2 0.4a(a) 9.6a(ab 8.5a(b
Mean 11.0 10.0 10.6  75.7 76.3 74.7  
LSD 1.0 0.9 1.1  14.3 14.5 14.4  
150 (F ) 1 9 b(.7 a) 9 b(.8 a) 1 a(a)0.4 0.  9 8 a(a) 2.3 7 a(a) 8.3 7 a(a) 9.8 14 6 .
300 (F2) 1  1  1 1  8  7  7  14.1 1 a(a).2 1 a(a).7 0 a(a).4 .2 1.4a(a) 9.2a(a) 6.1a(a)‘
450 (F3) 10.4 ) 10.7 ) 10.2 ) 1.2 80.9  8  81.5  15.2 
Clemson’ 
a(a a(a a(a a(a) 1. a(a)7 a(a)
Mean 10.4 10.7 10.3 81.5 79.7 79.1 
LSD 1.0 1.1 1.2 15.0 14.4 14.5 
C x F  
(C x F1) * * * * * * 
2) * * * * * * (C x F
(C x F * ns 
 
* * * 
 
3) * 
Mean separation by LSD test. Mean values in the same column followed by different letters differ 
gnificantly at p = 0.05. *= statistically significant (p<0.05); ns= not significant. (a): letter in 
arenthesis for horizontal analysis.   
si
p
 
 
 
When the pods were dried at room temperature for 15 days and the seeds then 
extracted, the moisture content of seeds from the upper pods was higher at the higher 
N levels in ‘Boyiatiou’, ‘Pylaias’ and ‘Clemson’ (not in ‘Veloudo’) in experiment 1 
(Table 7), but not in experiment 2 (Table 9).  On the other hand, in experiment 1 the 
moisture content of seeds from dried pods harvested from the middle and lower 
regions of the plant were mostly unaffected by N level (Table 7), whereas in 
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experiment 2 moisture content was higher at the higher N levels in ‘Veloudo’, 
‘Clemson’ and ‘Pylaias’ (lower pods) and in ‘Boyiatiou’ and ‘Clemson’ (middle 
pods) (Table 9). Overall, there were no consistent differences in moisture content 
between seeds extracted from dried pods harvested from different regions of the plant 
ables 7, 9). During drying of the pods, seed moisture fell to 9.6-13.5% (experiment 
) and 11.0-12.9% (experiment 2). 
Table 8. Effect ls on the m m 
the pods imme f  n of the pods on the plant in 
experiment 2. 
tr m pods i te a
(T
1
 
 
 
 
 of N leve oisture content and germination of seeds extracted fro
diately a ter harvest in relation to the positio
Seeds ex acted fro mmedia ly after h rvest 
Moisture t rm (%content a harvest 
(%) 
Ge ination ) Cultivar 
N level 
LSD 
(C) 
(mg l-1) 
(F) 
Upper Middle Lower 
LSD 
Upper Middle Lower 
150 
(F1) 
3  3  3 13  4 4  4 8.6 1.1a(a) 1.0a(a) 3.6a(a) .0 7.2a(a) 7.1b(a) 8.7a(a)
300 
(F2) 
31.0a(a) 22.6a(a) 30.8a(a) 12.5 48.0a(a) 51.2ab(a) 49.0a(a) 8.8 ‘Boyiatiou’ 
450 
(F3) 
35.5a(a) 30.7a(a) 30.1a(a) 13.3 49.2a(a) 57.2a(a) 55.5a(a) 10.9 
Mean 32.5 28.1 31.5  48.1 51.8 51.0  
LSD 13.5 13.0 12.4  8.5 9.5 10.4  
150 (F1) 31.0a(a) 30.6a(a) 38.9a(a) 13.5 51.9a(a) 54.6b(a) 56.6a(a) 9.2 
300 (F2) 32.5a(a) 24.5a(a) 29.1a(a) 13.0 53.9a(a) 57.5ab(a) 59.8a(a) 10.5 ‘Veloudo’ 
450 (F3) 3  3  2 12  5 6  6 8.9 3.5a(a) 0.6a(a) 9.4a(a) .4 8.9a(a) 5.0a(a) 1.7a(a)
Mean 32.3 28.5 32.4  54.9 59.0 59.3  
LSD 13.0 12.4 11.2  10.1 8.7 9.8  
150 (F1) 33.7a(a) 43.7a(a) 35.7a(a) 15.0 67.4a(a) 70.7a(a) 69.6a(a) 11.6 
300 (F2) 33.0a(a) 43.5a(a) 31.5a(a) 14.9 71.1a(a) 72.3a(a) 70.4a(a) 13.1 ‘Pylaias’ 
450 (F3) 3  4  3 14  7 7  6 14.5 3.0a(a) 2.5a(a) 2.9a(a) .7 2.3a(a) 4.0a(a) 9.9a(a)
Mean   33.2 43.2 33.3 70.2 72.3 69.9 
LSD 16.7 13.6 14.2  13.8 12.9 12.5  
150 (F1) 40 a) 32 ) 26 (a) 14.9 67 (a) 72.6  66 a(a) 16.2 .2a( .8a(a .3a .9a a(a) .9
300 (F2) 39 a) 40 ) 33 a) 11.8 71 (a) 76.0a(a) 70 a(a) 17.7 .7a( .4a(a .5a( .5a .2‘  
450 (F3) 38 a) 29 a) 29 a) 14.3 71 (a) 78.3a(a) 74 a(a) 16.5 
Clemson’
.4a( .0a( .5a( .1a .3
Mean 39.4 34.0 29.7 70.1 75.6 70.4 
LSD 13.8 13.1 14.3 16.3 16.0 18.0 
C  x F 
(C x F1) ns Ns * * * * 
(C x F2) ns * ns * * * 
(C x F3) ns * ns * * * 
  
Mean separation by LSD test. Mean values in the same column followed by different letters differ 
gnificantly at p = 0.05. *= statistically significant (p<0.05); ns= not significant. (a): letter in 
arenthesis for horizontal analysis.   
si
p
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Table 9. Effect of N l  th re  and ger  o x
from the pods 15 days after harvest in relati  p ion pod  p
n
 ex ro d  af s
 
 
evels on e moistu  content mination f seeds e tracted 
on to the osit  of the s on the lant in 
experime t 2. 
Seeds tracted f m po s 15 days ter harve t 
Moisture c at h rmontent arvest 
(%) 
Ge ination (%) C  (C) (F) D ultivar
N level 
(mg l-1) 
Upper Middle Lower 
LS
Upper Middle Lower 
LSD 
150 (F1) 12.8a(a) 11.4b(a) 11.4a(a) 1.3 47.5b(a) 54.5b(a) 54.5a(a) 9.2 
300 (F2) 12.9a(a) 11.6b(b) 12.0a(ab) 1.0 52.2ab(a) 57.4ab(a) 59.3a(a) 10.4 ‘Boyiatiou’ 
450 (F ) 3  1 a(b) 3.2 15.8a(a) 1 a(b) 2.52.6 5 a(a) 7.5 6 a(a) 5.6 6 a(a)3.3 11.1 
Mean 12.9 12.9 12.0  52.4 59.1 59.0  
LSD 0.9 2.4 1.4  9.5 9.9 11.3  
150 (F1) 11.5a(ab) 12.3a(a) 10.9b(b) 1.2 58.5b(a) 62.1b(a) 60.9a(a) 9.3 
300 (F2) 11.2a(a) 9.7b(b) 12.4a(a) 1.2 62.8ab(a) 66.9ab(a) 64.3a(a) 10.3 ‘Veloudo’ 
450 (F3) 1 a(b) 0.5 1 a(ab) 1.8 1 a(a) 1.43.0 6 a(a) 8.0 7 a(a) 2.9 6 a(a)9.9 10.1 
Mean 11.0 11.2 12.1  63.1 67.3 65.0  
LSD 1.3 0.8 1.6  9.0 10.0 10.7  
150 (F1) 11.4b(a) 12.1a(a) 11.1b(a) 0.8 70.0a(a) 71.8a(a) 73.5a(a) 11.8 
300 (F2) 14.9a(a) 12.1a(b) 11.7b(b) 2.3 72.7a(a) 76.0a(a) 68.0a(a) 15.8 ‘Pylaias’ 
450 (F ) 3 1 b(  0.6 b) 1 b(  1.1 b) 1 a(a) 0.62.4 7 a(a) 4.6 7 a(a) 5.5 7 a(a)3.1 15.0 
Mean 12.3 11.7 11.7  72.4 74.4 71.5  
LSD 2.2 0.7 0.9   13.4 14.4 15.1 
150 (F1) 11  11 a) 10 b) 0.9 73  75  71 16.7 .2a(a) .9b( .0b( .5a(a) .1a(a) .3a(a)
300 (F2) 11 a) 11  11 a) 1.4 74 a) 78 a) 73 17.6 .9a( .7b(a) .8a( .5a( .2a( .0a(a)‘  
450 (F3) 12 b) 13 a) 11 b) 1.0 75 a) 79 a) 77 a) 16.8 
Clemson’
.0a( .2a( .6a( a(.3 .7a( .1a(
Mean 11.7 12.2 11.1 74.4 77.6 73.8 
LSD 1.3 1.1 0.9 15.8 16.3 18.9 
C x F  
(C x F ) * Ns * * * * 1
(C x F ) * * ns * * ns 2
(C x F * * * * * ns 
  
3) 
Mean separation by LSD test. Mean values in the same column followed by different letters differ 
significantly at p = 0.05. *= statistically significant (p<0.05); ns= not significant. (a): letter in 
parenthesis for horizontal analysis.   
 
 
Seed germination 
In experiment 1, germination was not affected by N level when seeds were 
extracted from freshly harvested pods (i.e. without drying) and varied between 43.9 
and 76.3%, being highest in ‘Clemson’ and lowest in ‘Boyiatiou’ irrespective of N 
level or the position of the pods on the plant (Table 6). A similar result was recorded 
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in experiment 2, where the germination ranged from 48.1% (‘Boyiatiou’) to 75.6% 
(‘Clem
 (Table 9). 
 experiment 1, germination was higher in seeds from the lower pods compared to 
e upper pods for ‘Boyiatiou’ (at all N levels) and ‘Veloudo’ (450 ppm N), but lower 
in ‘Pylaias’ (300 ppm N) (Table 7). In experiment 2, no effect of pod position was 
observed in relation to the germination of seeds from dried pods (Table 9). 
 
 
son’) (Table 8). With the exception of ‘Veloudo’ in experiment 1 (where 
germination was higher for seeds from the pods in the middle compared to the lower 
region of the plant), no differences in germination were recorded in relation to the 
position of the pods on the plant (Tables 6 and 8). 
When pods were dried prior to seed extraction, germination was not affected 
by N in seeds from the upper and lower pods in experiment 1, but in ‘Boyiatiou’ and 
‘Veloudo’ was higher for seeds from pods in the middle region of the plant from the 
450 ppm N treatment than the 150 ppm N treatment (Table 7). In experiment 2, a 
similar result was recorded, with differences in germination being recorded only for 
‘Boyiatiou’ and ‘Veloudo’(higher germination in seeds from 450 ppm N compared to 
150 ppm N for pods harvested from the upper and middle part s of the plant
In
th
0
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Fig. 4. The percent germination of seeds of four okra cultivars extracted from pods 
immediately after harvest in experiments 1 and 2: (a) Initial germination, (b) After 
storage for 18 months. 
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The germination of seeds in relation to storage 
In both experiments, the percent germination of seeds of all cultivars was higher after 
storage for 18 moths at room temperature compared with the initial germination, 
irrespective of whether seeds were extracted from pods immediately or 15 days after 
harvest (Fig. 4 and 5). It is noteworthy that whereas in both experiments the 
ermination of ‘Boyiatiou’ and ‘Veloudo’ was initially <65% (i.e. lower than the 
inimum acceptable level, FEK 140/2000) (the afficial standard for commercial 
purpose is 85 %), following storage it reached 75-85% (‘Boyiatiou’) and 85-90% 
(‘Veloudo’).  
 
 
g
m
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G
er
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)
0
Init ial
germination
(%)
Germination
(%) after 1.5
year
Initial
germination
(%)
Germination
(%) after 1.5
year
Clemson
        Experiment 1                           Experiment 2
Fig. 5. The percent germination of seeds of four okra cultivars extracted from pods 15 
rvest in experiments 1 and 2: (a) Initial germination, (b) After storage for 
ficial effects of N application on okra growth and pod production are well 
ocum
days after ha
18 months. 
 
 
Discussion 
The bene
d ented, especially for fresh production (Prabhakar et al., 2009) and to a lesser 
extent for seed crops (Dutta and Naik, 2009). There is, however, little available 
information in the literature concerning the effect of N on pod characteristics and seed 
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quality. 
 From the results of the present experiments, it is clear that although significant 
differences in flower induction and pod set existed between cultivars, overall there 
was little or no effect of N application on these two characteristics. In both 
experiments, flower induction was highest in ‘Clemson’ and lowest in ‘Boyiatiou’ and 
although pod set increased at 450 ppm N application in ‘Boyiatiou’, this did not occur 
in the other cultivars. It should be noted, however, that pod set in ‘Boyiatiou’ was 
much lower than that in the other cultivars: for example mean pod set was 7.3 and 6.3 
pods per plant in ‘Boyiatiou’ compared with 24.3 and 21.2 pods per plant in 
‘Clemson’ (experiments 1 and 2, respectively). This result is somewhat surprising 
since ‘Boyiatiou’ is a local cultivar (Koutsos, 2009) and might be expected to be 
better adapted to Greek climatic conditions, e.g. light, temperature and humidity, than 
the American cv. ‘Clemson’. Although okra is considered to be a short-day plant 
(Bhatt and Srinivasa Rao, 2009), ‘Boyiatiou’ (like ‘Pylaias’) is classified as day-
neutral (Koutsos, 2009). Similarly, although pod length and diameter varied between 
the cul
 in any cultivar in either experiment. It is possible that these 
differen
tivars, these characteristics were largely unaffected by N level, despite reports 
to the contrary by Majanbu et al. (1985) and Singh (1995), irrespective of the position 
of the pods on the plant, presumably because pod dimensions are genetically 
determined rather than influenced by cultivation conditions (Raji, 1994). 
The number of seeds per pod was significantly higher in the pods from the 
middle and upper parts of the plant in ‘Clemson’ and ‘Pylaias’, as well as in 
‘Boyiatiou’ (at 450 ppm N) and ‘Veloudo’ (at 150 ppm N) in experiment 1 (Table 4), 
but only in ‘Veloudo’ (350 and 450 ppm N) in experiment 2. Although Majanbu et al. 
(1985) and Moniruzzaman and Quamruzzaman, (2009) reported a positive effect of N 
on the number of seeds per fruit, in our experiments the N level had virtually no effect 
on seed number
ces relate to the cultivars used in each study, or to differences in climatic 
conditions. Moreover, these authors did not study the effect of pod position on seed 
number, which the data of Table 4 show to be a significant factor in defining seed 
number per pod. 
No significant effect of N on seed size (100-seed weight) was detected, 
irrespective of the pod position at harvest (upper, middle and lower) or cultivar. This 
result contrasts with those of Uddin et al. (2006) and Moniruzzaman and 
Quamruzzaman (2009) who reported a positive effect of N on mean 100 seed weight. 
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The percent germination of seeds extracted immediately after harvest or after storage 
of pods for 15 days before seed extraction was not affected by N application; nor was 
seed moisture content. The differences in germination ability between cultivars appear 
 pods immediately after 
harvest
odes (up to the 8th node) had better quality. Overall, our data do not support 
these re
of the method of seed extraction. 
to relate to variation seed hardness at harvest since pods were harvested at a mature 
stage. As noted elsewhere, ‘Boyiatiou’ is especially susceptible to seed hardness, 
which accounts for its lowere percent germination (49.7 %) in comparison with 
‘Clemson’ (77.7 %) (Passam and Rekoumi, 2009). 
 It is interesting that the only consistently positive effects of N application on 
seed germination were detected in ‘Boyiatiou’. Although frequently insignificant, an 
increase in germination was nevertheless observed irrespective of the position of the 
pod on the plant. The increase of germination was relatively higher in the case of 
seeds extracted from pods after storage for 15 days at room temperature, i.e. in seeds 
with a lower moisture content than those extracted immediately after harvest. Seed 
hardness in okra is known to relate to moisture content and the rate of seed drying 
(Demir 1997), whereas in other species N delays flowering and fruit maturation 
(George, 1987). It may be that in ‘Boyiatiou’ high N levels delay the rate of seed 
maturation and thereby reduce the incidence of hard seeds. It is surprising, however, 
that the germination of ‘Boyiatiou’ was not affected by the method of seed extraction 
since the higher moisture content of seeds extracted from
 might have been expected to lead to higher germination compared with seeds 
from dried pods (mean moisture content 25-32% and 12-13%, respectively). Perhaps, 
the drying of pods prior to seed extraction permitted after-ripening of seeds, as occurs 
in aubergine (Solanum melongena L.) (Passam et al., 2010). 
The effect of pod position on seed quality in okra has already been reported by 
Purquerio et al. (2010). Yadav et al. (2001) observed higher seed germination from 
pods harvested from lower positions on the okra plant, while Prabhakar et al. (1985) 
and Naik et al. (2004) reported that seeds harvested from okra pods produced at the 
lower n
ports (with a few exceptions, Tables 6 and 7), indicating that under the hot, 
dry conditions of Thessaly during the summer the rate of seed drying is similar (and 
therefore the occurrence of hard seeds) for pods, irrespective of their position on the 
plant. 
It is interesting that seed germination in all the cultivars increased significantly 
after storage for 18 months, irrespective 
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Mohammadi et al. (2011) reported a similar positive effect of seed storage for 12 
a germination.  In this way, seed lots of ‘Boyiatiou’ that were initially 
significant) increase in seed 
ermination of ‘Boyiatiou’ in response to N is worthy of further study in view of the 
sceptibility of this cultivar to seed hardness. There was no benefit of pod after-
pening, but seed storage for 18 months at room temperature proved to be a positive 
way to improve seed quality, especially in ‘Boyiatiou’. 
months on okr
below the minimum requirement for germination (FEK 140/2000), attained an 
acceptable level of germination after storage. 
 
Conclusions 
The present experiment provides new information on the seed quality of four cultivars 
of okra in relation to N level and the region (upper, lower and middle) of the plant 
from which harvest took place.  N application generally increased flowering, but pod 
set increased only in ‘Boyiatiou’.  Pod dimensions (length and diameter) were largely 
unaffected by N level, irrespective of the position of the pods on the plant, as was the 
100-seed weight and seed germination. The slight (in
g
su
ri
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Chapter 4 
 
l (M1) and the micronutrient treatments (M2 and M3) were observed at all 
mes of harvest and at all positions of pods on the plant at harvest. In conclusion, 
Effect of foliar application of micronutrients on the pod set, pod size and seed 
characteristics of four okra cultivars harvested at different days after flowering 
 
Abstract 
In this experiment, the effects of foliar application of micro nutrients on the pod and 
seed characteristics of four okra cultivars was studied in relation to the time of harvest 
and position of the pods on the plant. The experiment was carried out at the 
Agricultural farm of the University of Thessaly in 2011 using a randomized complete 
block design with a factorial arrangement and three replications. Four okra cultivars 
(‘Boyiatiou’, ‘Veloudo’, ‘Clemson’ and ‘Pylaias’) were sprayed weekly throughout 
the duration of the cultivation with commercial micronutrient fertilizers as follows: 
M1= control (0 ml micro nutrient); M2= 40 ml micro nutrient (20 ml Proten and 20 ml 
Basfoliar 36 extra); M3 = 80 ml micro nutrient (40 ml Proten and 40 ml Basfoliar 36 extra). 
From the results, it was found that the plant height of ‘Boyiatiou’ and ‘Pylaias’ was 
increased by application M2 (40 ml micronutrients) whereas the plant height of 
‘Clemson’ and ‘Veloudo’ was either unaffected or reduced by micronutrient 
application. Flower induction in ‘Pylaias’ increased at both micronutrient levels (M2 
and M3), but not in the other cultivars. However, pod set was higher in treatment M3 
in ‘Veloudo’ and ‘Pylaias’ and resulted in a significantly higher seed yield in these 
two cultivars at this micronutrient level.  Pod length and diameter differed between 
cultivars, but were not affected by micronutrient application. Seed size (mean 100 
seed weight) and moisture content were also not affected by micronutrient 
application, but the number of seeds per pod in ‘Pylaias’ was significantly lower in 
M2 and M3 than in M1 (control) and the percent seed germination of all cultivars was 
higher following micronutrient application. The differences in germination between 
the contro
ti
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micronutrient application had a positive effect on okra seed production by increasing 
 leaf tissues and 
thus en
 500, B-200, Zn-150, Cu-110 and Mo 70 ppm) increased the number of fruits 
per pla
lants, viz. plant height, number 
yield in ‘Veloudo’ and ‘Pylaias’ and increasing seed quality (germination) in all the 
cultivars. 
 
Introduction 
Foliar fertilization with multi-nutrients to achieve balanced plant nutrition is 
considered to play a significant role in modern sustainable vegetable production. This 
mode of applying fertilizers to the crops provides a precious supplement to the 
application of nutrients via the soil (Fageria et al., 2009) and a number of studies have 
highlighted the benefits of foliar fertilization in improving plant growth, crop yield, 
nutrient uptake and product quality (Naruka and Singh, 1998; Tumbare et al., 1999; 
Naruka et al., 2000; Alkaff and Hassan, 2003; Chattopadhyay et al., 2003; El-Aal et 
al., 2010; Zodape et al., 2011). The particular value of this technique is that it ensures 
immediate translocation of nutrients to various plant organs via the
ables rapid correction of nutrient deficiencies (Fageria et al., 2009). Moreover, 
foliar fertilization has been recommended for integrated plant production since it not 
only increases crop yield and quality but is also environmentally safe (Tumbare et al., 
1999; Fageria et al., 2009; El-Aal et al., 2010; Zodape et al., 2011).  
Husain et al. (1989) reported that foliar application of iron in the form of 
ferrous ammonium citrate (0.1%) along with Zn and Boron (0.1%) increased the 
height of chilli plants, while Hooda and Pandita (1982) found that the foliar 
application of Agromin (ZnSO4, MnSO4, FeSO4 and CuSO4) at 1 kg per ha to potato 
also increased plant height. Tamilselvi et al. (2002) studied the effect of foliar 
application of micronutrients on the growth and yield of tomato. They reported a 
significant increase in plant height due to the application of Cu (100 ppm). Similarly, 
Palaniappan et al. (1999) reported that three sprays of polyfeed (19:19:19, Fe 1000 
ppm, Mn
nt in chilli, while Tamilselvi et al. (2002) reported that foliar application of iron 
combined with other micronutrients (Zn, Cu, Mn, B and Mo) in a commercial product 
called Multiplex (100 ppm) significantly increased the number of fruits per plant of 
tomato. 
Abbasi et al. (2010) evaluated the growth and yield response of okra to three 
newly introduced foliar fertilizer products and their results endorsed the benefits of 
foliar fertilization by improving growth traits of the p
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of fruit
ineral in the plant tissues affects growth and 
productive potential to a large extent (Majanbu et al., 1986). Therefore, in this study 
t application to the foliage of okra plants was examined with 
and seeds in relation to harvest time and 
Thessaly, Greece throughout the growing season of 2011. The sand, silt and clay 
trolled temperature (about 20 C) until field transplantation. Plants were 
a); M3 = 80 ml micro nutrient (40 ml 
Proten a
sprayed
Micron anies under the 
comme
hosphate (P2O5): 3.8%; 
Potassium (K2O): 2.4%; Calcium (CaO): 0.095%; Magnesium (MgO): 0.48%; 
s per plant and fruit length. Similarly, Suryanarayana and Rao (1981) studied 
the effect of foliar application of iron on the growth of okra and found that the 
application of iron together with Zn, Cu, Mn, Mg, B and Mo in a chelated form 
(Agromin) resulted in increased in plant height.  
Knowledge of the right amounts of micronutrients required by the crop for 
optimum growth is not only important for the fresh crop but also for seed production. 
It is also useful to understand the fruiting behaviour of okra crop in relation to nutrient 
supply, since the concentration of m
re
the effect of micronutrien
respect to the yield and quality of the pods 
the position of the pods on the plant. 
 
Material and Methods 
Plant material and experimental conditions 
The experiment was carried out at the experimental farm of the University of 
content of the soli at the experimental site were that indicated in chapter 2. Seeds of 
four okra cultivars were sown in seeding trays on 20 May and retained in the nursery 
under con
o
transplanted at the stage of 3-4 true leaves on 10 June. 
The experimental treatments were as follows: 
a) Four different cultivars of okra, cv. ‘Clemson’, ‘Boyatiou’, ‘Veloudo’ and 
‘Pylaias’. 
b) Three micronutrient levels: M1= control (0 ml micro nutrient); M2= 40 ml micro 
nutrient (20 ml Proten and 20 ml Basfoliar 36 extr
nd 40 ml Basfoliar 36 extra). The micronutrients were dissolved in 10 l water and 
 to run-off on the plant on a weekly basis, as far as possible taking care to avoid drift. 
utrients were provided by IKO-HYDRO and COMPO Comp
rcial names of Proten and Basfoliar 36 Extra: 
Proten* fertilizer contained: N: 3.1; Amino acid: 20.5%; P
Sulphate (SO4): 1.43%; other miconutrients (B-Fe-Mn-Zn): 0.24% 
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Basfoliar1 36 Extra fertilizer contained: N: 27.0%; MgO: 3.0%; Mn: 1.0%; Cu: 
0.27%; Fe: 0.027%; B: 0.027%; Zn: 0.013%; Mo: 0.005%). 
A base dressing was not applied and the only fertilizers applied during growth were 
the micro nutrients. The crop was irrigated regularly on a weekly basis with a drip 
irriga
Anthesis was first recorded 33 days after transplantation (DAT). Each flower 
was t n on the plant 
etc.  
Harvesting was carried out according to the following schedule:  
days after anthesis), 
he same plants were randomly used for the different harvest times and were not 
ual sub-plots. 
Measuremen
Throughout t ere recorded:  
 induction per plant  
 set per plant  
ber of seeds per pod  
tion system, whereas for weed control Fusilade herbicide (fluazifop-P-butil, 800 
ml/1000 m2) was implemented when needed. 
agged on the day of anthesis and recorded in relation to its positio
T1= 30 DAA (
T2= 35 DAA, 
T3= 40 DAA, 
T4= 50 DAA. 
T
placed in individ
 
ts 
he experiment the following data w
- Mean seed germination  
- Total flower
- Number of pod
- Pod length  
- Pod diameter  
- Average num
- 100 seed weight  
- Plant height 
- 100 seed weight, determined after air-drying of seeds. 
The seed germination test was conducted using 400 seeds per treatment, with four 
replications of 100 seeds each (ISTA, 2009). Mean seed germination (%) and the rate 
of germination were evaluated in the same manner as described under the methods of 
Chapter 2 (Measurements). The test was carried out immediately after extraction of 
                                                 
1 Although these products are marketed as sources
Basfoliar contains N 
 of micronutrients, Proten also contains P and K and 
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seeds from the pods, as well as after storage of seeds in the shade at room temperature 
.  
tatistical analysis was carried out with the aid of the S.A.S. statistical package (SAS 
stitute Inc., USA) and means were compared by the Least Significant Difference 
LSD) test at p<0.05. Graphs were generated by using Microsoft Excel software 
(Microsoft Corporation, USA). 
 
 
 
 
for 18 months. Hard seeds were considered to be those that had not germinated at the 
end of the germination test, but that were not mucilaginous or exhibiting signs of 
fungal infection at the end of the test. 
Statistical analysis 
Experiments were laid out in a Randomized Complete Block design with a factorial 
arrangement using three replications (n=3), with each block being consisting of 12 
plots of 9 m2 (3×3 m) in a total of 36 plots (10 plants per plot) (see table 1 in chapter 2 
for field plan of the experiment)
S
In
(
Figure 1 - Climatic conditions during the experiment 2011 (arrows show the duration 
of pod harvest).  
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Results 
Climatic conditions 
These were the same as for experiment 1 (see Fig. 1). Pods were harvested during the 
period indicated by the arrows, i.e. from mid-August to late October.  
 
Effect of micronutrients on plant height 
Micronutrient application had a variable effect on plant height depending on the 
cultivar (Table 1). In ‘Boyiatiou’ and ‘Pylaias’ micronutrient application increased 
plant heigh 0 
ml). In co ‘C o’ application had either no 
effect or red  plant height ding on the mi
 
Ta ffect of m utrients on fin height and seed yield. 
ivar 
) 
Micronutrient level 
(ml) 
Plant height  Seed yield 
t, but to a statistically significant level only at the lower concentration (4
ntrast, in lemson’ and ‘Veloud micronutrient 
uced depen cronutrient concentration. 
ble 1 -The e icron al plant 
Cult
(C (cm) (kg/ha) 
M1 98.0b 1506.8a 
M2 113.0a 1327.0b ‘Boyiatiou’ 
M3 106.0ab 1312.0b 
Mean 105.6 1381.9 
LSD 13.9 122.3 
M1 133.0a 1526.8b 
M2 103.0b 1451.8b ‘Veloudo’ 
M3 140.0a 1903.0a 
Mean 125.3 1627.2 
LSD 15.0 128.5 
M1 103.0b 1611.7b 
M2 114.0a 1701.6b ‘Pylaias’ 
M3 110.0ab 1868.1a 
Mean 109 1727.1 
LSD 10.8 138.0 
M1 79.0  2727.2  a a
M2 72  2745.5a .0ab‘Clemson’ 
M3 64.0b 2206.1b 
Mean 71.6 2559.6 
LSD 14.0 260.8 
(C×M )1    * *  
(C×M2)  * * 
(C×M ) * 3 * 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
cant. 
different letters differ significantly at P = 0.05. 
*: statistically significant (p<0.05); ns: not signifi
M1= control (0 cc of micro nutrient); M2= 40 ml micro fertilizer (20 ml Proten and 20 ml Basfolir 36 
extra); M3 = 80 ml micro fertilizer (40 ml Proten and 40 ml Basfolir 36 extra).  
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Effect of micronutrients on seed yield 
Micronutrients had a variable effect on seed yield depending on the cultivar and 
treatment (Table 1). In ‘Boyiatiou’ the highest seed yield was produced in the control, 
wherea
gave the highest seed yield micronutrients (M2) had no 
effect, but the high rate (M3) re seed yie
 
Table 2 - The effect of micronutrients on flower induction and pod set.                            
 for whole 
ivar 
) 
Micronutrients 
level 
(cc)(M) 
Tot er 
induction 
(flowers/plant)
Pod set 
(pods/plant) 
s in ‘Veloudo’ and ‘Pylaias’ application of a high rate of micronutrients (M3) 
‘Clemson’ the low rate. In 
duced 
 of 
ld.  
[data plant] 
Cult
(C
al flow
M1 20.8a 18.8a 
M2 19.3a 17.0a ‘Boyiatiou’ 
M3 17.9a 15.8a 
Mean 19.3 17.2 
LSD 3.6 3.6 
M1 18.5a 16.5b 
M2 20.6a 19.0ab ‘Veloudo’ 
M3 22.0a 20.5a 
Mean 20.3 18.6 
LSD 3.6 3.7 
M1 15.1b 14.2b 
M2 18.9a 17.5ab ‘Pylaias’ 
M3 20.9a 19.2a 
Mean 18.3 16.9 
LSD 3.5 3.3 
M1 25.2a 23.7a 
2 24.4a 23.0a M‘Clemson
M3 22.8a 21.4a 
’ 
Mean 2  2  4.1 2.7
LSD 4.6 4.7 
                  C×M 
(C×M1)   * * 
(C×M2)  * * 
(C×M3) * * 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
ifferent letters differ significantly at P = 0.05. 
: statistically significant (p<0.05); ns: not significant. 
1= control (0 cc of micro nutrient); M2= 40 ml micro fertilizer (20 ml Proten and 20 ml Basfolir 36 
tra); M3 = 80 ml micro fertilizer (40 ml Proten and 40 ml Basfolir 36 extra).  
 
d
*
M
ex
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Effect of micronutrients on total flower induction and pod set 
 
The total number of flowers formed on each plant was not affected by micronutrient 
application, except in cv. ‘Pylaias’, where flower induction was higher at both 
micron
s (Table 2). 
Overall, it was observed that flower initiation in all cultivars was highest at 
temperatures of about 36oC, whereas at higher or lower temperatures flower initiation 
decreased (Fig. 2). 
 
Fig. 2 - Fluctuation of flower initiation of four okra cultivars in relation to mean 
maximum and minimum air temperatures. 
utrient levels (M2 and M3) compared with the control (M1) (Table 2). Pod set 
was not affected by micronutrients in ‘Boyiatiou’ and ‘Clemson’, but was increased in 
Veloudo and Pylaia
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-T ct o ut  the ions of po es d  from 
different positions on the plant. 
Pod length                   Po
Table 3 he effe f micron rients on  dimens ds harv ted at see maturity
 
(cm) 
d diameter               
(c  m)Cultivar (C) 
Micronu
trients 
level 
(cc)(M) 
LSD LSD 
Uppe  r Midd  le Low  er Upp r e Mid e dl Low r e
M  1 ) 1 ) 16 b) 0.5 2  2 ) 2  0.2 1 5.6a(c 7.0a(a .3ab( .2a(b) .2ab(b .5a(a)
M2 15.2a(b) 16.9a(a) 15.7b(b) 0.6 2.3a(b) 2.4a(ab) 2.5a(a) 0.2 ‘Boyiatiou’ 
M3 15.4a(b) 17.6a(a) 17.1a(a) 1.0 2.1a(b) 2.1b(b) 2.4a(a) 0.2 
Mean 15.4 17.1 16.3  2.2 2.2 2.4  
LSD 0.5 0.8 0.8  0.2 0.2 0.3  
M1 22.0a(a) ) b) 19.8a(b  21.1a(a  1.3 2.2a(a) 2.1a(a) 2.2a(a) 0.2 
M2 22.0a(a) 20.7a(b) 22.1a(a) 1.3 2.1a(a) 2.1a(a) 2.2a(a) 0.2 ‘Veloudo’ 
M3 20.7b(b) 21.2a(ab) 22.7a(a) 1.4 2.1a(a) 2.1a(a) 2.2a(a) 0.2 
Mean 21.5 20.5 21.9  2.1 2.1 2.2  
LSD 0.7 1.7 1.6  0.2 0.3 0.2  
M1 22.4a(a) b) 2 ) 21.0a(a  19.4b(b) 1.7 2.3a(a) 2.2a(a) .2ab(a  0.3 
M2 22.2a(a) 20.4a(b) 21.6a(ab) 1.8 2.3a(a) 2.1a(a) 2.4a(a) 0.3 ‘Pylaias’ 
M3 22.2a(a) 20.6a(a) 21.2ab(a) 2.7 2.2a(a) 2.2a(a) 2.0b(a) 0.2 
Mean 22.2 20.6 20.7  2.2 2.1 2.2  
LSD 2.2 2.2 2.0  0.2 0.3 0.3  
M1 1 ) 19 a) 1 ) 1.2 1  1  1  0.2 9.4a(a .4ab( 8.5a(a .5a(a) .4a(a) .5a(a)
M2 19.6a(a) 19.9a(a) 17.9a(b) 1.8 1.5a(a) 1.4  1.5a(a) 0.2 a(a)‘ n  
M3 19 a) 18 (a) 18 a) 2.5 1. a) 1. ) 1. ) 0.2 
Clemso ’
.3a( .7b .2a( 4a( 5a(a 6a(a
Mean 1  1  1  1 19.4 9.3 8.2 1.4 .4 .5 
LSD 2 0 1 0  0 0.8 .9 .5 .2 .2 .1
C x M  
(C x *  M1) * * * * * 
(C x * * * *  M2) * * 
(C x
  
 M3) * * * * * * 
M
d
ean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
ifferent letters differ significantly at P = 0.05. Mean values for each pod character separately within 
e rows followed by a different letter in parenthesis differ significantly at P=0.05. 
same for the other three cultivars (21.2-21.3 cm). Overall, there was no effect of 
th
*: statistically significant (p<0.05); ns: not significant. 
M1= control (0 cc of micro nutrient); M2= 40 ml micro fertilizer (20 ml Proten and 20 ml Basfolir 36 
extra); M3 = 80 ml micro fertilizer (40 ml Proten and 40 ml Basfolir 36 extra).  
 
 
Effect of micronutrients on pod length and diameter 
Mean pod length was lowest in ‘Boyiatiou’ (16.3 cm) and highest in ‘Veloudo’ and 
‘Pylaias’ (21.3 and 21.2 cm, respectively), whereas that of ‘Clemson’ was 
intermediate (18.9 cm). Mean pod diameter was low in ‘Clemson’ (1.5 cm) but the 
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micronutrient levels on the pod length and diameter of any cultivar, irrespective of the 
position of the pod on  the plant at harvest (Table 3). There were also virtually no 
ifferences in pod length and diameter between pods harvested from different 
ositions on the plant. 
Table 4 - The effect of micronutrients on the ested on different days after flowering. 
 
od length        
m
e  d r  
d
p
  
 
 
dimensions of pods harv
Mean p            
(c  
M an pod iamete           
(cm) 
Cultivar 
(C) 
Micronutrients 
level 
(cc)(M) 
LSD LSD
30 
DAA 
35 
DAA 
40 DAA 50  
DAA 
30 
DAA 
35 
DAA 
40 
DAA 
50  
DAA 
M1 16 b  1  16 15 0.7 2 ) 2  2 ) 1 ) 0.2 .7b(a ) 6.8a(a) .0ab(bc) .8ab(c) .6a(a .6a(a) .3a(b .9b(c
M2 16 b) 1 ) 15 b) 15  0.9 2  2  2 ) 2 0.1 .3b(a 6.5a(a .9b(a .2b(b) .6a(a) .6a(a) .2ab(b .1a(b)‘Boyiatiou’ 
M3 18.0a(a) 16.4a(b) 16.3a(b) 16.1a(b) 1.3 2.3b(ab) 2.5a(a) 2.1b(bc) 1.9b(c) 0.2 
Mean 17 16.5 16.0 15.7  2.5 2.5 2.2 1.9  
LSD 1.2 1.2 0.4 0.9  0.2 0.2 0.2 0.1  
M1 20  2 2  19 1.6 2 ) 2 ) 2 ) 1 ) 0.2 .7b(ab) 1.5a(ab) 1.8b(a) .9ab(b) .4a(a .1a(b .4a(a .8b(c
M2 2 ) 20 ) 2 ) 20 ) 1.2 2  2  2  0.1 3.0a(a .2a(b 2.4a(a .7a(b .4a(a) .0a(c) .2b(b) 1.9a(c)‘Veloudo’ 
M3 22.1a(a) 21.4a(a) 22.9a(a) 19.8b(b) 1.5 2.3b(a) 2.2a(a) 2.3b(a) 1.7c(b) 0.2 
ean 21.9 21.0 22.3 20.1  2.3 2.1 2.3 1.8  M
LSD 1.1 2.4 1.0 0.8  0.1 0.3 0.1 0.07  
M1 2  2  2 ) 20 2.3 2  2  2  1 0.2 0.7b(a) 0.1a(a) 2.2a(a .6ab(a) .6a(a) .6b(a) .1a(b) .7a(c)
M2 22 a) 2 ) 2 ) 20  2.1 2  2  2  1 0.3 .4ab( 0.8a(a 1.5a(a .8b(a) .5a(a) .5a(a) .2a(a) .8a(b)‘Pylaias’ 
M3 22.8a(a) 22.1a(a) 21.7a(ab) 18.8a(b) 2.9 2.2b(a) 2.3c(a) 2.2a(a) 1.9a(b) 0.2 
Mean 21.9 21.0 21.8 20.0  2.4 2.4 2.1 1.8  
LSD 1.7 2.5 3.4 2.0  0.2 0.1 0.3 0.3  
M1 1 ) 1 ) 19  1 ) 1.4 1 ) 1  1 ) 1 0.1 9.8a(a 9.5a(ab .0a(ab) 8.2a(b .7a(a .6b(a) .4b(b .2a(c)
M2 18 a) 1 ) 2 ) 18 ) 2.1 1  1  1 0.1 .5ab( 9.8a(a 0.2a(a .2a(a 1.7a(a) .7a(a) .4b(b) .1b(c)‘Clemson’ 
M3 17.6 b) 19.0 20.9  17.4  2.6 1.7  1.6  1.5 1.1 0.1 b( a(ab) a(a) a(b) a(a) b(ab) a(ab) b(c)
Mean 1  1  2  1   7 18.6 9.4 0.0 7.9 1. 1.6 .4 1.1  
LSD 1 1  3 1   .09 0 0 0.07  .4 .3 .6 .3 0 .1 .1 
C x M  
(C x M *  1) * * * *  * * * 
(C x M *  2) * * * *  * * * 
(C x M * * *  3) * * * *  * 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed b
different letters differ significantly at P = 0.05. Mean values for each pod character separately within
e rows followed by a different letter in parenthesis differ significantly at P=0.05
y 
 
. 
: statistically significant (p<0.05); ns: not significant. 
1= control 
extra); M
th
*
M (0 cc of micro nutrient); M2= 40 ml micro fertilizer (20 ml Proten and 20 ml Basfolir 36 
3 = 80 ml micro fertilizer (40 ml Proten and 40 ml Basfolir 36 extra).  
 
 
In all treatments, pod diameter decreased with increasing DAA. Pod length 
also decreased in pods harvested between 30 and 50 DAA, but not always to a 
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statistically significant level (Table 4). There was also no consistent effect of 
micronutrients on pod length and diameter in relation to the number of days after 
anthesis at which the pods were harvested (Table 4). Thus, pod length tended to be 
higher at 30 DAA in Boyiatiou, Veloudo and Pylaias following micronutrient 
application, but to a lesser extent on subsequent days. On the other hand pod diameter 
of these three cultivars was lower at 30 DAA following micronutrient application, but 
te
Table 5- The ic eed teristi imensions at 
seed maturity  heig  w
Micronutrients 
level 
(cc)(M) 
nu f 
seeds/pod 
Mean 100 
seed weight 
nded not to differ at subsequent harvest dates (Table 4). 
 
effect of m ronutrients on s  charac
ht. [data for
cs and pod d
hole plant] and plant
Cultivar 
(C) 
Mean 
mber o
(g) 
M1 66.0a 7.3a 
M2 6  3.4a 7.4a ‘Boyiatiou’ 
M3 66.5a 7.5a 
Mean 65.3 7.4 
LSD 4.0 1.0 
M1 63.2a 8.8a 
M2 5  3.4b 8.6a ‘Veloudo’ 
M3 66.4a 8.4a 
Mean 61.0 8.6 
LSD 6.7 1.1 
M1 79.3a 8.6a 
M2 6  4.9c 9.0a ‘Pylaias’ 
M3 68.8b 8.5a 
Mean 71.0 8.7 
LSD 8.3 1.1 
M1 8  6.4ab 8.0a 
M2 9  0.8a 7.9a ‘Clemson’ 
M3 78.4b 7.9a 
Mean 8  5.2 7.9 
LSD 8.6 1.1 
C×M 
(C×M1)   * * 
(C×M2  )  * * 
(C×M3) * ns 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed b
ifferent letters differ significantly at P = 0.05.  
y 
: statistically significant (p<0.05); ns: not significant. 
1= control (0 cc of micro nutrient); M2= 40 ml micro fertilizer (20 ml Proten and 20 ml Basfolir 36 
xtra); M3 = 80 ml micro fertilizer (40 ml Proten and 40 ml Basfolir 36 extra).  
d
*
M
e
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Effect of micronutrients on the number of seeds per pod and mean 100 seed weight 
The study of the effect of micronutrient levels on the number of seed per pod showed 
that in all cultivars except ‘Boyiatiou’ there was a significant difference in the number 
of seeds per pod and the micronutrient level (Table 5). These differences, however, 
were not consistent. For example, the number of seeds per pod was lower at 
micronutrient level M2 (but not M3) in ‘Veloudo’ but at both levels (M2 and M3) in 
‘Pylaias’. In ‘Clemson’, there was no effect of micronutrients (M2 and M3) in 
omparison with the control (M1), but between M2 and M3 a significant difference 
 
he effec e seed c ristics 
ffe  days a flowering. 
Me er pod Me seed  (g) 
c
was recorded (Table 5). 
Table 6 - T t of micronutrients on th haracte of pods harvested on 
di rent fter 
 
an numb  of seeds/  an 100  weight
Cultivar 
(C) 
Micronutri
ents level 
(cc)(M) 
 
LSD 
3  
LSD 
30 
DAA 
35 DAA 40 
DAA 
50  
DAA 
30 
DAA 
5 DAA 40 
DAA 
50  
DAA 
M1 6  6  6  6  9 6  8  9  4  17.5b(a) 8.3a(a) 6.1a(a) 9.6a(a) .2 .5a(b) .7a(a) .4b(a) .8b(c) .0 
M  7 ) 6 6  7  8 6  8  9  4. ) 12 1.6a(a 8.6a(a) 7.2a(a) 0.3a(a) .5 .4a(b) .8a(a) .0b(a) 8ab(b .1 
‘Boyia
’ 
tiou
M3 64.2b(a) 65.0a(a) 58.8a(a) 47.1b(b) 6.7 6.4a(b) 9.2a(a) 10.0a(a) 5.0a(c) 1.0 
Mean 67.7 67.3 64.0 62.3  6.4 8.9 9.4 4.8  
LSD 4.1 12.2 21.4 12.0  1.9 0.5 0.5 0.2  
M1 5  6  7  7  1 8  1  1  5  18.2c(a) 5.3a(a) 3.6a(a) 1.3a(a) 5.8 .0a(b) 0.7a(a) 1.3a(a) .6a(c) .2 
M2 7 ) 7 ) 4  3  1 7  9  1 ) 5  11.6a(a 0.3a(a 8.7b(b) 6.6b(c) 0.7 .6a(b) .7b(a) 1.2a(a .8a(c) .2 ‘Veloudo’ 
M3 66.9b(a) 71.0a(a) 50.3b(b) 46.7b(b) 9.8 7.0a(b) 10.3ab(a) 10.8b(a) 5.7a(c) 0.9 
M         ean 65.5 68.8 57.5 51.5  7.5 10.2 11.1 5.7  
LSD 4.5 8.9 12.3 15.6  2.0 0.9 0.4 0.4  
M1 6  7  6  7  1 8  1  1  5  06.6c(b) 1.0b(a) 7.3a(b) 7.6a(a) 0.1 .0a(b) 0.1a(a) 0.5b(a) .9a(c) .9 
M2 7 ) 9 ) 6 ) 7 ) 1 8  1 ) 1 ) 5  14.3b(b 3.3a(a 1.5a(b 8.6a(b 2.2 .1a(b) 0.6a(a 1.4a(a .9a(c) .1 ‘Pylaias’ 
10  M3 90.0a(a) 75.4b(ab) 54.5b(bc) 42.4b(abc) 19.2 6.7a(b) .7a(a) 11.1a(a) 5.7a(b) 1.3 
Mean 76.9 9   4   79. 61.1 66.2  7.6 10.  11.0 5.8  
LSD 2.4 7.3 6.3 6.6  1.9 1.1 0.4 0.3  
M1 9 ) 1 ) 7  9  1 6  9  1  5  12.0b(ab 05.3a(a 6.0a(b) 6.6a(a) 7.6 .8a(b) .9a(a) 0.2a(a) .1a(c) .2 
M2 9 ) 83 ) 7 ) 8 ) 1 6  9  1 ) 5  14.2b(a .6b(ab 6.6a(b 9.3a(ab 1.1 .9a(b) .7a(a) 0.1a(a .0a(c) .0 ‘Clemson’ 
3 100.3
a(a) 91.7b(a) 51.8b(b) 65.0b(c) 13.1 7.0a(b) 9.7a(a) 9.8a(a) 5.3a(c) 1M .2 
Mean 9  9  6  8   9  1   5.5 3.5 8.1 3.6 6. 9.8 0.0 5.1  
LSD 1   2     5.6 9.8 7.8 2.2 2. 0.7 0.4 0.5
C x M  
(C x *  M1) * * * *  ns * * 
(C x *  ns * * *  M ) * * * 2
(C x *  M3) * * ns ns  ns * * 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed 
ifferent letters differ significantly at P = 0.05.  
by 
: statistically significant (p<0.05); ns: not significant. 
1= control (0 cc of micro nutrient); M2= 40 ml micro fertilizer (20 ml Proten and 20 ml Basfolir 36 
3 = 80 ml micro fertilizer (40 ml Proten and 40 ml Basfolir 36 extra).  
d
*
M
extra); M
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Similarly, when seed number was measured in relation to the time of harvest, it was 
found that the number of seeds per pod varied considerably both with the level of 
micronutrient application and the number of days after anthesis that pods were 
harvested (Table 6). In all cases, the number of seeds per pod was lower for treatment 
M3 at 50 DAA than in M1 (control). This was also the case for pods harvested at 40 
 and higher parts of the plant differences between 
eatme  
AA 
 all cultivars and treatments (Table 6) but was not affected by the position of the pod 
. On 
the oth
DAA (except ‘Boyiatiou’), but apart from this there was no consistent pattern of seed 
number that could be attributed to micronutrient application. 
 When seed number was recorded in relation to the position of the pods on the 
plant at harvest, it was found that for the early-formed pods (those at the lower 
position on the plant) there was no effect of micronutrients on seed number (Table 7). 
For pods formed in the middle
tr nts occurred, but not in a way that showed a consistent effect of micronutrient
levels on seed number per pod. 
 Seed size (i.e. 100 seed weight) was higher in ‘Veloudo’ and ‘Pylaias’ than in 
‘Boyiatiou’ and ‘Clemson’, but was not affected by the micronutrient level in any of 
the cultivars (Table 5). The mean 100 seed weight decreased significantly at 50 D
in
on the plant at harvest, irrespective of cultivar and micronutrient level (Table 7). 
 
 
Effect of micronutrients on seed moisture content at harvest and seed hardness 
 
The moisture content of seeds at harvest (pooled data for the whole plant) ranged 
from 33-37% and was not affected by micronutrient level in any of the four cultivars 
(Table 8). Seeds harvested at 40-50 DAA had significantly lower moisture content 
than those harvested at 30-35 DAA. Moreover, at the later harvest dates, the moisture 
content of seeds from the higher micronutrient level (M3) was higher than that in the 
absence of micronutrients, and mostly to a statistically significant level (Table 9)
er hand, there was no apparent effect of micronutrients on the moisture content 
of seeds derived from fruits located at different positions on the plant (Table 10). 
Seed hardness was highest in Boyiatiou and lowest in Clemson (Table 8). The 
application of micronutrients appeared to reduce the percentage of hard seeds in 
Boyiatiou, but had less or no effect on seeds of the other cultivars. As shown in Table 
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9, seed hardness did not occur in any cultivar when pods were harvested at 30-35 
DAA. At 40 DAA, seed hardness was observed at a very low level (<5% in 
‘Boyiatiou’ and ‘Veloudo’, <1% in ‘Pylaias’ and ‘Clemson’), of the seeds (Table 9), 
ut increased significantly at 50 DAA, especially in ‘Boyiatiou’ and ‘Veloudo’ (Table 
8
 
 
Table 7 - The effect of micronutrients on the seed characteristics of pods harvested from different 
parts of the plant. 
 
e
of seeds/pod 
Mean 100                  
eed t (g
b
). 
M an number                
s  weigh ) Cultivar (C) 
Micronutri
ents level 
(cc)(M) 
LSD 
M
LSD 
Upper Middle Lower Upper iddle Lower 
M1 6 ) 7 ) 5 ) 5.7 7 ) 6 ) 7 ) 2.3 9.2a(a 0.7a(a 8.6a(b .9a(a .9a(a .2a(a
M2 6 ) 6  5 ) 6.3 7  6  7  2.4 6.6a(a 7.0b(a) 6.6a(b .9a(a) .9a(a) .2a(a)‘Boyiatiou’ 
M3 67.7a(a) 70.6a(a) 61.1a(b) 4.8 7.6a(a) 7.4a(a) 7.7a(a) 2.5 
Mean 67.8 69.4 58.7  7.7 7.1 7.4  
LSD 4.9 2.5 8.1  1.5 1.9 1.9  
M1 7 ) 5 ) 62  14.4 9 ) 8 ) 8 ) 2.7 1.2a(a 5.5a(b .0a(ab) .6a(a .0a(a .7a(a
M2 5  5  5  10.1 9  7  8  2.6 6.7b(a) 2.5a(a) 1.1a(a) .3a(a) .8a(a) .7a(a)‘Veloudo’ 
M3 73.7a(a) 62.5a(b) 63.1a(b) 9.4 8.8a(a) 8.0a(a) 8.6a(a) 2.6 
Mean 67.2 56.8 58.7  9.2 7.9 8.6  
LSD 7.6 13.1 12.5  1.8 1.9 2.2  
M1 8 ) 78  7 ) 15.9 9 ) 8 ) 8 ) 2.3 4.5a(a .4ab(a) 5.2a(a .3a(a .2a(a .3a(a
M2 6  6  5  11.0 9  8  8  2.7 7.5b(a) 8.1b(a) 9.3a(a) .3a(a) .9a(a) .8a(a)‘Pylaias’ 
M3 60.0b(b) 84.3a(a) 62.2a(b) 14.8 9.1a(a) 7.7a(a) 8.7a(a) 3.0 
Mean 70.6 76.9 65.5  9.2 8.2 8.6  
LSD 12.2 12.0 17.2  1.7 2.0 2.3  
M1 10 a  87  7 ) 14.8 8 ) 7 ) 8 ) 2.8 1.2a( ) .0b(ab) 1.0a(b .2a(a .9a(a .0a(a
M2 9  9 ) 8  13.4 8  7  7  2.6 0.0b(a) 7.7a(a 4.6a(a) .5a(a) .5a(a) .8a(a)‘ on’ 
M3 86.2  73.0  76.0  13.5 8.2  7.8  7.8  2.6 
Clems
b(a) c(a) a(a) a(a) a(a) a(a)
Mean 9  8  2.4 5.9 77.2  8.3 7.7 7.8  
LSD 10.6 7 20.3 1.5  1.1 .9 2.2  
C x M 
(C x M1)  * * Ns  ns ns ns 
(C x M2)  * * *  ns * ns 
(C x M3) ns ns  * * Ns  ns 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
different letters differ significantly at P = 0.05. Mean values for each pod character separately within 
e rows followed by a different letter in parenthesis differ significantly at P=0.05th . 
: statistically significant (p<0.05); ns: not significant. 
1= control (0 cc of micro nutrient); M2= 40 ml micro fertilizer (20 ml Proten and 20 ml Basfolir 36 
tra); M3 = 80 ml micro fertilizer (40 ml Proten and 40 ml Basfolir 36 extra).  
*
M
ex
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Table 8 -The effect of micronutrie  mo  a  
ination ciden eds. [d r whole plant] 
Micronutrients 
level 
(cc) (M) 
moisture 
content at 
harvest (%) 
ger n hardness (%) 
nts on seed
ce of hard se
Mean 
isture content
ata fo
t harvest, seed
germ  and the in
Cultivar 
(C) 
Mean 
minatio
(%) 
Seed 
M1 32.8a 50.0c 33.0 
M2 32.9a 60.8b 19.0 ‘Boyiatiou’ 
M3 33.4a 73.1a 22.0 
Mean 33.0 61.3 24.6 
LSD 7.6 5.5  
M1 35.6a 41.8c 27.0 
M2 37.1a 58.6b 21.0 ‘Veloudo’ 
M3 35.4a 65.6a 19.0 
Mean 36.0 55.3 22.3 
LSD 7.7 5.6  
M1 36.6a 52.1b 16.0 
M2 37.4a 73.3a 11.0 ‘Pylaias’ 
M  3 35.6a 74.6a 14.0 
Mean 36.5 66.6 13.6 
LSD 7.8 7.6  
M1 33.7a 52.1b 7.0 
M2 3  8  4.0 3.6a 7.8a‘Clemson’ 
M3 34.4a 89.8a 8.0 
Mean 7  6.3 33.9 6.5
LSD 8.3 7.7 
                  C×M 
(C×M1)   ns * 
(C×M2)  ns * 
(C×M3) ns * 
 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
ifferent letters differ significantly at P = 0.05. 
: statistically significant (p<0.05); ns: not significant. 
1= control (0 cc of micro nutrient); M2= 40 ml micro fertilizer (20 ml Proten and 20 ml Basfolir 36 
l Basfolir 36 extra).  
utrients applied) 
and hig
d
*
M
extra); M3 = 80 ml micro fertilizer (40 ml Proten and 40 m
 
 
 
Effect of micronutrients on seed germination 
The seed germination of all cultivars was affected by the micronutrient levels (Table 
8). Germination was significantly lower in the control (M1, no micron
hest at the higher micronutrient level (M3) in cv. ‘Boyiatiou’ and ‘Veloudo’ or 
at both micronutrient levels (M2 and M3) in ‘Pylaias’ and ‘Clemson’. 
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When germination was recorded at different dates of harvest, it was found that 
in fruits harvested at 40-50 DAA germination was highest at the higher 
incronutrient level (M3), although not always to a statistically significant level 
 
-3 tistic
abl e of u n o ontent at ha n d
diffe ys
Mean mo con
es
M germ  a d See ness 
m
(Table 9). A similar trend was also observed for fruits harvested at an earlier stage
ally significant level only i(30
 
 
T
5 DAA), but to a sta n cv. ‘Veloudo’ 
e 9 - Th  effect  micron trients o  seed m
rent da
ean
isture c
 after flo
rvest a d on see  germination at 
wering. 
isture 
t (%) 
tent  
at harv
 ination (G)   (%) n d hard (S) (%) Cultivar 
n
nt
le
(cc)  
(M) 
(  
DA  
(  
DA D D   
(C) 
Micro
utrie
s 
vel 
30 
DAA 
35 
DAA 
40 
DAA 
50 
DAA 
G 
(30 
DAA
) 
S 
30
A) 
G 
(35 
DAA)
S 
35
A) 
G 
(40 
AA) 
S 
(40 
AA)
G 
(50 
DAA)
S 
(50 
DAA
) 
M1 48.4a 41.8a 14.1b 10.2c 35.2a - 42.4b - 57.2b 5.0 30.6b 22.0 
M2 47.4a 41.0ab 14.5b 11.2b 36.7a - 51.2a - 60.3ab 3.0 32.4b 16.0 
‘Boyiatiou
’ M3 47.7a 40.3b 15.4a 12.2a 37.6a - 48.7ab - 63.2a 2.0 37.5a 22.0 
Mean 47.8 41.0 14.6 11.2 36.5  47.4  60.2 3.3 33.5 20.0 
LSD 2.6 1.2 0.9 0.8 4.1  7.1  3.8  4.7  
M1 47.8a 44.3ab 14.5b 11.7c 39.1b - 47.6b - 64.7b 1.0 41.3b 24.0 
M2 48.5a 47.0a 15.5b 12.8b 41.7b - 51.8ab - 68.4ab 4  .0 41.7b 17.0 ‘Veloudo’ 
M3 46.8a 43.2a 17.2a 13.8a 46.2a - 55.1a - 74.6a 3  .0 59.8a 15.0 
Mean 47.7 44.8 15.7 12.7 42.3  55.1  69.2 2.6 54.2 18.6 
LSD 3.6 2.8 1.3 0.6 4.4  6.2  6.5  5.9  
M1 49.7b 41.7b 16.1b 11.4b 48.3a - 55.7a - 76.2b 1.0 75.3c 16.0 
M2 51.4a 43.1ab 17.2ab 11.5b 50.6a - 56.0a - 81.3b - 83.3b 11.0 ‘Pylaias’ 
M3 51.5a 44.7a 19.0a 12.7a 53.1a - 59.5a - 93.8a - 91.7a 12.0 
Mean 50.8 43.1 17.4 11.8 50.7  57.0  83.7 0.3 83.4 13.0 
LSD 1.7 1.7 2.2 1.0 5.1     5.1 6.4 5.1 
M1 50.1a 42.5b 15.0a 10.9b 52.8a - 60.1b - 81.7a 1.0 88.2b 5.0 
M2 5  43  1 a 1 b 5 a - 7 a - 8 a - 89  4.0 0.8a .4ab 5.2 1.3 3.3 0.8 4.4 .8ab‘Clem
M3 5 a 4 a 1 a 1 a 5 a - 62  - 8 a - 9 a 3.0 
son’ 
2.2 6.7 6.5 2.3 4.8 .7ab 7.4 3.8
Mean 5  4  1  1  5   6  8  0.3 9  4.0  1.0 4.2 5.5 1.5 3.6 4.5  4.5 0.6
LSD 3.5 4.1 1.6 1.0 5.0  9.8  6.0  4.6 
           C×M 
 
(C×M1) *  *  * ns * * * *  
(C×M2) * * * * *  *  *  * 
(C×M3) * * * * *  *  *  * 
M
si
ean separation by LSD test. Mean values for each cultivar separately in the same column followed by different letters differ 
gnificantly at P = 0.05. Mean values for each pod character separately within the rows followed by a different letter in 
arenthesis differ significantly at P=0.05. 
: statistically significant (p<0.05); ns: not significant. 
M1= con
extra); M
p
*
trol (0 cc of micro nutrient); M2= 40 ml micro fertilizer (20 ml Proten and 20 ml Basfolir 36 
3 = 80 ml micro fertilizer (40 ml Proten and 40 ml Basfolir 36 extra).  
 
 
 
When comparing pods harvested from different parts of the plant, it was found 
that in all cultivars seed germination was increased by micronutrient application 
irrespective of the position of the pod on the plant at harvest. In ‘Pylaias’ and 
‘Clemson’, the increase in germination occurred at both micronutrient levels (M2 and 
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M3) at all pod positions, whereas in the lower pods of ‘Boyiatiou’ and ‘Veloudo’ the 
effect was observed only at the higher micronutrient level (Table 10). When 
comparing cultivars, ‘Clemson’ had the highest percent germination irrespective of 
the position of the pod on the plant and the time of harvest, whereas ‘Boyiatiou had 
e lowest germination in relation to time of harvest and ‘Veloudo’ with respect to 
9 and 10). 
 rien  on oi t arve t an he
g io d ods arv o n of th  pla
 
o
a )
n a  ed ne   
th
pod position, but without statistically significant differences between the two (Tables 
 
Table 10 -The
erminat
 e  mffect of
n of see
icronut
s from p
ts
 h
seed m
ested fr
sture con
m differe
ent at h
t parts 
s
e
d on t
nt. 
 
Mean m isture content at 
h rvest (%  
LSD Mea  germin tion       
(%) 
LSD Se  hard ss      
(%) 
Cultivar Micronutr
ients 
Micronutr
ient level 
(M) 
(C) 
Upper Middle Lower  Upper Middle Lower  Uppe
r 
Midd
le 
Lower 
M1 32.4a(a) 32.0a(a) 34.0a(a) 13.1 48.0b(a) 51.8b(a) 50.2b(a) 12.5 25.0 24.0 31.0 
M2 34.8a(a) 29.5a(a) 34.5a(a) 14.3 51.3ab(a) 61.5a(ab) 69.5b(a) 14.1 21.0 20.0 21.0 
 
‘Boyiatio
u’ M3 33.1a(a) 34.2a(a) 33.0a(a) 13.8 71.9a(ab) 64.3a(b) 83.2a(a) 15.7 19.0 23.0 26.0 
Mean 33.4 31.9 33.8  57.0 59.2 67.6  21.6 22.3 26.0 
LSD 14.2 14.0 13.5  9.7 9.5 9.7     
M1 35.4a(a) 35.4a(a) 36.1a(a) 14.3 35.0b(b) 4 )0.3b(ab 50.3b(a) 14.1 18.0 21.0 18.0 
M2 38.5a(α) 33.5a(a) 39.4a(a) 15.2 55.4a(a) 61.3a(a) 59.2b(a) 14.9 16.0 19.0 14.0 
 
‘Veloudo’ 
M3 36.6a(a) 34.8a(a) 34.9a(a) 14.6 60.7a(a) 64.7a(a) 71.4a(a) 14.5 17.0 18.0 16.0 
Mean 36.8 34.5 36.8  50.3 55.4 60.3  17.0 19.3 16.0 
LSD 13.5 14.4 14.2  10.0 10.1 9.9     
M1 36.7a(a) 35.3a(a) 37.7a(a) 14.8 48.3b(a) 50.5b(a) 57.7b(a) 18.1 14.0 9.0 16.0 
M2 35.6a(a) 41.8a(a) 34.9a(a) 15.1 64.0a(a) 80.2a(a) 75.6a(a) 17.8 10.0 11.0 11.0 
 
‘Pylaias’ 
M3 34.1a(a) 37.3a(a) 35.5a(a) 15.4 65.0a(a) 81.5a(a) 76.9a(a) 18.0 12.0 13.0 13.0 
Mean 35.0      38.1 36.0  59.1 70.7 70.0  12.0 11.0 13.3 
LSD 14.5 14.3 14.3  13.9 14.6 13.0     
M1 3 ) 3 ) 3 ) 15.5 4 5 5 18.8 8.0 5.0 6.0 2.3a(a 6.4a(a 2.4a(a 5.9b(a) 1.7b(a) 8.7b(a)
M2 34  32  34 15.2 84. 90. 88. 20.3 4.0 2.0 3.0 .3a(a) .7a(a) .0a(a) 5a(a) 1a(a) 7a(a)
 
‘Clemson’ 
M3 33 a) 35 a) 33 a) 16.3 83 (a) 93 (a) 91 (a) 21.1 3.0 4.0 7.0 .7a( .8a( .7a( .8a .7a .8a
Mean 3 3 3 7  7  7   5.0 3.6 5.3 3.4 4.9 3.3  1.4 8.5 9.7
LSD 1 1 1 1  1  1  5.2 4.9 5.2  2.8 4.0 5.1     
              C×M          
(C×M1) ns ns ns  * * *     
(C×M2)   ns ns ns  * * *   
(C×M3)   ns ns ns  * * *   
Mean sepa lues for each cultivar individually in the same column followed by different 
letters differ  significantly at P = 0.05. 
*: statistically significant (p<0.05); ns: not significant. 
ration by LSD test. Mean va
M1= control (0 cc of micro nutrient); M2= 20 cc micro fertilizer (20 cc Proten and 20 cc Basfolir 36 
extra); M3 = 40 cc micro fertilizer (40 cc Proten and 40 cc Basfolir 36 extra). (a): letter in parenthesis 
for horizontal analysis.   
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When seeds were stored for 18 months at room temperature and germination 
ubsequently measured, an increase in the percent germination compared with that 
prior to storage was observed in all cultivars (Fig. 3). This result indicates that the 
occurrence of hard (or dormant) seeds at harvest decreased with storage. 
 
s
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rovement of okra seed germination by storing the seeds for 18 months at 
 is derived from seeds pooled from each micronutrient level) 
 cultivar, irrespective of cultivar and the position of the pod 
 ‘Pylaias’ and ‘Clemson’ the 
Fig. 3. Imp
room temperature. (Data
 
 
Discussion 
 
Effect of micronutrients 
 
Totally, foliar application of micronutrients only had positive effect on ‘Boyiatiou’ 
and ‘Pylaias’ and increased their growth (plant height). Flower induction and pod set 
of ‘Pylaias’ was increased by micronutrient application, but this affair happened for 
pod set in ‘Veloudo’. Overall, there was no effect of micronutrient levels on the pod 
length and diameter of any
on the plant at harvest, or on seed size (i.e. 100 seed weight). Micronutrients did, 
however, affect the number of seeds per pod, causing a reduction in seed number in 
‘Veloudo’ and ‘Pylaias’.  
 In all cultivars, micronutrient application had a positive effect on seed 
germination. In ‘Boyiatiou’ and ‘Veloudo’ germination increased with increasing 
levels of micronutrients (M3>M2>M1), whereas in
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increase was similar for both micronutrient levels (M3=M2>M1). The increase in 
germination coincided with a decrease in the incidence of seed hardness and was 
apparently independent of the seed moisture content. 
 From the foregoing, it is clear that micronutrient application was beneficial for 
number of 
fruiting
ty, no effect of micronutrient effect on pod 
dimens
seed quality (expressed as percent germination), irrespective of cultivar. It was also 
beneficial for seed yield, but only in ‘Pylaias’ and ‘Veloudo’, due primarily to the 
increase in pod set. 
 The present results are consistent with those reported in the literature for okra 
and other crops. A problem, however, that arises when comparing studies, is that the 
micronutrient composition varies between experiments, as does the method and 
timing of application. For example, Hazra et al. (1987) recorded an increase in plant 
height of okra cv. Pusa Sawani following foliar application of Fe (0.2%).  Similarly, 
Suryanarayana and Subbarao (1981) reported that foliar application of Fe along with 
Zn, Cu, Mn, Mg, B and Mo in a chelated form (Agromin) causeda significant increase 
in the number of fruits per plant in okra cv. Pusa Sawani. Hazra et al. (1987) reported 
that foliar application of Cu at 0.2% increased the number of pods per plant in okra 
cv. Pusa Sawani, whereas foliar application of Fe affected fruit length.  Tamilselvi et 
al. (2002) reported that foliar application of Fe in combination with other 
micronutrients (Zn, Cu, Mn, B and Mo) in a commercial product (Multiplex at 100 
ppm) significantly increased the number of flowers per cluster and the 
 clusters in tomato. In conclusion, it appears that overall micronutrient 
application is beneficial for pod and seed yield, although for a more critical 
assessment of the value of each micronutrient further research is required. 
Abbasi et al. (2010) reported that the fruit length of okra varied according to 
genotype, but was affected foliar fertilizer application. In our experiment, pod length 
was higher at 30 DAA in the micronutrient treatments, but not at 35-50 DAA. Pod 
length and diameter are considered to be genetically determined characteristics in 
okra (Raji, 1994). Therefore, at maturi
ions would be expected, while studies that indicate an increase in pod size 
following fertilizer application refer to immature pods for fresh consumption 
(Olasantan 1999; Rekoumi et al. 2012). 
The positive effect of micronutrients on seed quality (expressed as 
germination) is new for okra. In other crops (e.g. pea) micronutrient deficiencies (e.g. 
Mn) are known to cause lesions within the cotyledons in the seed, whereas excessive 
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amounts of nutrients, especially N, may delay seed maturation (George, 1985). 
Rekoumi et al. (2003) reported that the seed yield of okra cv. ‘Boyiatiou’ was 
significantly higher when plants were fertilized with 150 ppm N, compared with 
N levels. The concentration of N, K and Mg within the seeds was 
hard seeds. Despite its 
orter pods, ‘Boyiatiou’ had a similar number of seeds per pod to ‘Pylaias’ and 
 ‘Clemson’. Yield differences between cultivars therefore 
lated mainly to pod set (as noted above) and not to pod size. 
higher and lower 
affected by the N rate, but quality (i.e. germination) was not affected. 
 
Effect of cultivar 
 
As noted in other experiments in this thesis, cv. ‘Boyiatiou’ is a cultivar that is highly 
prone to seed hardness, a defect that decreases seed germination and therefore seed 
quality (Passam and Polyzou 1997; Demir, 2001). The occurrence of hard seeds 
relates to field temperatures during pod maturation, the rate of seed drying and the 
cultivar (Demir 2001; Passam and Rekoumi 2009; Sajid et al., 2012) and causes a lack 
of uniformity in seed germination after sowing (Castro, 2008). The percent 
germination of ‘Boyiatiou’ was lower than that of the other three cultivars in this 
study at all times of harvest, while the percentage of hard seeds was highest. Both 
‘Clemson’ and ‘Pylaias’ exhibited a high percent germination at 40-50 DAA (>80%), 
although germination from these cultivars was reduced in the earlier harvests (30-35 
DAA) presumably as a result of embryo immaturity. The germination of ‘Boyiatiou’, 
followed by ‘Veloudo,’ was significantly lower than that of the other two cultivars, 
especially at 40-50 DAA, due to the increased occurrence of 
sh
Veloudo’, but lower than
re
 
 
Effect of harvesting time 
 
Seeds of ‘Clemson’ and ‘Pylaias’ harvested 40-50 DAA germinated to a high 
percentage (83-91%) and thus conformed to the minimum germination requirement of 
65% for this species (FEK 140, 14-2-2000). In contrast, ‘Boyiatiou’ did not meet the 
minimum requirement at any stage of harvest, while the decrease in germination at 50 
DAA in ‘Veloudo’ (due to hard seeds) means that to meet the minimum requirement 
seeds of this cultivar should be harvested 40 DAA. It is a highly significant 
observation, therefore, that the germination of seeds of all cultivars increased to over 
70% after storage at room temperature for 18 months, irrespective of micronutrient 
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application (Fig. 3). This result suggests that whereas seeds of ‘Clemson’ and 
‘Pylaias’ are acceptable for market immediately after harvest, seeds of ‘Veloudo’ and, 
in particular, ‘Boyiatiou’ should be stored prior to marketing. In ‘Boyiatiou’ seeds 
from the control had a significantly higher percent germination than those from 
treatment M2, whereas in the other cultivars no significant differences were observed 
between micronutrient treatments following storage. Differences in germination in 
lation to harvest date have been reported before (Viggiano, 1991; Demir, 1997) and 
t (El Balla et al., 2011; Quinlivan, 1971) and embryo 
ds would mature during the cooler period 
f September-October and therefore have better seed quality (Passam et al., 1998). In 
he effect of pod position is likely to relate to the climatic conditions 
ective of micronutrient 
pplication, the occurrence of hard seeds in susceptible cultivars (e.g. ‘Boyiatiou’) 
duces germination, and therefore seed quality. Storage of seeds of such cultivars for 
8 months at room temperature may alleviate this problem. 
re
relate to seed moisture conten
maturation. 
 
Effect of pod position on part 
Seed moisture content and germination were not affected by the position of the pod on 
the plant at harvest. This result contrasts with the results of Yadav and Dhankhar 
(2001) and Prabhakar et al. (1985), who reported that seeds harvested from the lower 
pods germinated better than those from the higher pods, and Malik et al. (2000) who 
found maximum germination in seeds from pods located in the middle region of the 
plant. Moisture content affects the incidence of hard seeds and therefore germination 
(Demir 2001), accounting for the reduction in germination in seeds of susceptible 
cultivars at 40-50 DAA. In early sowings in Greece, it is likely that pods in the lower 
region of the plant will mature under somewhat lower temperatures (e.g. June) than 
those of the middle and higher regions of the plant, and improved germination might 
be expected. In contrast, in later sowings, the first-formed pods would be subjected to 
high temperatures, while the later–formed po
o
conclusion, t
during the period of pod set and maturation 
 
Conclusion 
The main value of foliar application of micronutrients is to increase seed quality, i.e. 
germination. In some cultivars (‘Pylaias’ and ‘Veloudo’ here) micronutrients may 
also increase seed yield by improving pod set. Irresp
a
re
1
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Chapter 5 
 
. Differences in germination were apparently related to 
e incidence of hard seeds. Storage of seeds for 18 months improved germination. 
nd seed characteristics were affected more by genotype and harvest 
time than by GA application. 
 
stimulates and synchronizes 
floweri
 
Effect of gibberellic acid, harvest time and the position of the pod on the plant on 
the seed quality of four okra cultivars 
 
Abstract 
In an experiment at the Agricultural Farm of the University of Thessaly during 
summer 2011, the effect of foliar application of gibberellic acid (GA) to okra at an 
early stage of plant growth (3-4 leaves) on plant growth, pod and seed characteristics 
was studied in relation to harvest time. GA was applied at concentrations of 0 
(Control), 50, and 100 mg l-1 to four okra cultivars (‘Boyiatiou’, ‘Veloudo’, 
‘Clemson’ and ‘Pylaias’) and pods were harvested 30, 35, 40 and 50 Days After 
Anthesis (DAA) from the lower part of the plant. From the results it was found that 
GA application increased plant height irrespective of cultivar and GA concentration 
(50 and 100 mg l-1), but without increasing flower induction or pod set. Similarly, GA 
had no significant effect on pod dimensions, irrespective of the time of harvest; But in 
all cyultivars, the application of GA siginificantly increased the number of seed per 
pod. Similarly, GA application did not consistently affect seed moisture content. 
Germination was either promoted (‘Veloudo’), inhibited (‘Boyiatiou’) or not affected 
(‘Pylaias’, ‘Clemson’) by GA
th
Overall, pod a
Introduction 
Gibberellic acid (GA) or gibberellins comprise a group of naturally occurring 
plant hormones which play a central role in the early germination processes of seeds 
by activating enzyme production and mobilizing storage reserves (Bewley and Black, 
1983). Additionally, foliar application of gibberellins 
ng and fruit set (Briant, 1974), as well as enhancing photosynthesis and growth 
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(Kwan 1996, Hayat et al., 2001, Yuan and Xu, 2001), or stimulating growth but not 
the rate of photosynthesis (Dijkstra and Kuiper, 1989).  
Okra seeds frequently exhibit seed hardness and physical dormancy 
(Dehghanpour Farashah et al., 2011), which complicates crop management because of 
non-uniform germination after sowing resulting in a lack of crop uniformity and 
causing difficulties in weed control, harvest time etc. (Mohammadi et al., 2011). 
Several publications have reported that soaking okra seeds in growth regulators, 
particularly gibberellin, increases germination (Nandpuri et al., 1969; Srivastava and 
Sachan
ilarly, Dhankhar and Singh (2009) reported that GA3 application increased 
okra pod length and diameter. These results could be attributed mainly to the 
stimula
 
this study was to determine the effect of foliar application of 
gibberellic acid on the pod and seed quality of four okra genotypes in relation to the 
n the plant.  
The ex
was 7.7- 8.1 and the organic matter content was 1.3%.  
, 1971; Singh et al., 1973; Omran et al., 1980) possibly due to a reduction in 
seed hardness (Passam and Polyzou, 1997). On the other hand, Pal and Hossain 
(2001) found no effect of GA on okra seed germination and seed weight, but a 
significant effect of this hormone on plant height and the number of pods per plant. 
The positive effect of GA on plant height has been widely reported for many 
crops, including okra (Ilias et al., 2007). Moreover, foliar application of GA3 (20-40 
ppm) and NAA (50-100 ppm) on okra plants was found to increase the number of 
pods per plant and the number and weight of seeds (Srivastava and Sachan, 1971; 
Singh and Singh, 1971; Asghar et al., 1997; Singh et al., 1999; Abduljabbar et al. 
2007). Sim
tory effect of GA3 on plant growth, which resulted in higher rates of 
biosynthesis and therefore higher amounts of assimilates available for distribution to 
the pods.  
The objective of 
time of harvest and the position of the pods o
 
Material and Methods 
Plant material and experimental conditions 
periment was carried out at the experimental farm of the University of 
Thessaly, Greece, throughout the growing season of 2011. The sand, silt and clay 
content of the soil at the experimental site was 48, 29 and 23%, respectively. The pH 
of the soil 
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Gibberellic acid (GA ) was applied as a foliar spray at three concentrations: 
GA = 0.5 g GA in 1 litre water; GA = 1 g GA in 1 litre water and GA = 0 g GA in 1 
litre water to four cultivars of okra, namely cv. ‘Clemson’, ‘Boyatiou’, ‘Veloudo’ and 
‘Pylaias’. 
The seeds of the four okra cultivars were sown in seed trays containing a peat-
based substrate on 20 May and held under controlled temperature (20
3
1 2 0
oC) until 
transplantation. Plants were transplanted to the field at the stage of 3-4 true leaves on 
10 June. GA was dissolved in water (GA = 0.5 g GA in 1 litre water; GA = 1 g GA 
in 1 litre water and GA = 0 g GA in 1 litre water) and applied to the plants twice: (1) 
at a plant height of approximately 50 cm (about 40 days after planting), (2) 10 days 
after the first application. All plants were sprayed at the same time of application. The 
crop was irrigated regularly on a weekly basis with a drip irrigation system, whereas 
for weed control, Fusillade herbicide (flu
1 2
0
azifop-P-butil, 800 ml/1000 m2) was applied 
hen needed. Anthesis was first recorded 29 days after transplantation (DAT), and 
h flower was tagged on emergence and its position and the date of 
flowe
Meas
t each harvest the following parameters were recorded: 
tal flower induction per plant, the number of pods set per plant, pod length and 
 per pod, the 100 seeds weight (g) and 
The e
w
from the on eac
ring were recorded. Harvesting was carried out at four different time periods 
after anthesis (30, 35, 40 and 45 DAA). 
 
urements 
Seed germination and the occurrence of hard seeds were evaluated in the same 
manner as described in chapter 2. The germination percentage and rate of germination 
were also calculated in the way referred to in chapter 2 (ISTA, 2009). 
During cultivation, a
to
diameter (cm), the average number of seeds
plant height. Seed germination was tested before and after storage for 18 months at 
room temperature (25oC).  
 
Experimental design and statistical analysis 
xperiment was laid out according to a Randomized Complete Block design with 
factorial arrangement, with each block being replicated three times and consisting of 
12 plots of 9 m2 (3×3 m) each, i.e. a total of 36 plots with 30 plants per plot (see table 
1 in chapter 2 for field plan of the experiment).  
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Statistical analysis was carried out with the aid of the S.A.S. statistical package 
titute Inc., USA) and mean comparison was made according to Duncan’s 
Multiple Range Test (DMRT) and the Least Significant Difference (LSD) test at 
(SAS Ins
p<0.05. Graphs were generated by using Microsoft Excel software (Microsoft 
maximum temperatures (in mean 
verall differences) throughout the experimental period. There was no rainfall during 
July, but during the other months varied from 23 to 43 mm; relative humidity thus 
decreased during July, but afterwards increased progressively. This means that as the 
number of days from anthesis increased (from 30-50 DAA) pods were increasingly 
exposed to lower temperatures and higher humidity. 
 
Corporation, USA). 
 
Results 
Climatic conditions 
The climatic conditions of the experimental site are given in Fig. 1. The temperature 
gradually increased from May to July and then decreased till October. There was a 
difference of about 12-16 °C between minimum and 
o
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Figure 1 - Climatic conditions during the experiment 2011 (black arrows show the 
duration of pod harvest (started at 50 days after transplanting), the red arrow shows 
e of first GA application (40 days after transplanting) and the blue arrow shows 
the time of second GA application).  
 
 
 
the tim
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 Table 1. The effect of gibberellic acid on flower induction and pod set.  
 
ivar Gibberellic acid  
(m ) 
Total flower induction 
(flowers/plant) 
Pod set 
(pods/plant) Cult( C ) rate g l-1)(G
GA1 13.0a 11.2a 
GA2 13.2a 11.4a ‘Boyiatiou’ 
GA0 1  1.8a 9.9a 
Mean 12.6 10.8 
LSD 2.7 2.8 
GA1 11.5a 10.2a 
GA2 15.5a 13.8a ‘Veloudo’ 
GA0 1  1  4.8a 3.1a
Mean 13.9 12.3 
LSD 4.2 4.3 
GA1 12.0a 10.9a 
GA2 13.5a 12.1a ‘Pylaias’ 
GA0 1  1  2.1a 0.6a
Mean 12.5 11.2 
LSD 3.9 3.8 
GA1 20.1a 19.1a 
GA2 20.0a 18.5a ‘Clemson’ 
GA0 18.9 a a 17.6
Mean 19.6 18.4 
LSD 3.7 3.8 
                   C x G 
(C x GA1) * * 
(C x GA2) * * 
(C x GA0) * * 
Mean values for each cultivar separately in the same column followed by 
significantly at P = 0.05. 
different letters differ 
ffect of gibberellic acid on flower induction and pod set 
he application of GA had no significant effect on flower induction or the number of 
ods per plant in any of the cultivars (Table 1). Irrespective of GA application, both 
ower induction and pod set were significantly higher in cv. ‘Clemson’ than in the 
ot
 
 
 
*: statistically significant (p<0.05); ns: not significant. 
GA1 = 50 mg L-1  Gibberellic acid; GA2 = 100 mg L-1 Gibberellic acid; GA0 = 0 mg L-1 Gibberellic 
acid. 
 
 
E
T
p
fl
her three cultivars. 
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he e f gi ic o di n gth  di r)
la  t 
M od h   
cm
ea d d
m
Table 2. T ffect o bberell  acid n pod mensio s (len  and amete  in 
re tion to harves time. 
ean p  lengt         
( ) 
M n po iameter         
(c ) 
Cultivar 
) 
Gibberellic 
acid  rate 
(m ) 
D DAA DAA 
(C
g l-1)(G 30 
DAA
35 
DAA
40 
DAA
50 
DAA 
30 
AA
35  40 50 
DAA
GA1 17.1a 16.4a 16.8a 17.1a 2.2a 1.7a 1.9a 1.8a 
GA2 15.3b 15.8a 18.1a 15.9a 2.1a 2.0a 1.9a 1.6a ‘Boyiatiou’ 
GA0 1  1 1 1  5.5b 5.1a 6.9a 6.8a 2.0a 2.0a 1.8a 1.9a 
Mean 15.9 15.7 17.2 16.6 2.1 1.9 1.8 1.7 
LSD 1.5 1.8 2.1 1.7 0.2 0.3 0.3 0.2 
GA1 18.1b 18.2a 20.3a 16.6a 2.0a 1.7a 2.1a 1.6a 
GA2 19.4a 17.3a 22.1a 17.3a 1.9a 1.6a 2.1a 1.6a ‘Veloudo’ 
GA0 1  1 1 1  8.5b 7.3a 9.6a 9.2a 2.0a 1.8a 2.0a 1.7a 
Mean 18.6 17.6 20.6 17.7 1.9 1.7 2.0 1.6 
LSD 0.8 2.7 3.7 2.2 0.1 0.3 0.3 0.2 
GA1 18.0a 19.6b 19.5a 18.1ab 2.0a 2.0a 1.8b 1.7a 
GA2 18.4a 24.9a 18.4a 16.0b 2.0a 2.0a 1.9ab 1.6a ‘Pylaias’ 
GA0 1  1 1 2  6.7a 8.8b 8.6a 0.4a 1.9a 2.0a 2.0a 1.8a 
Mean 17.7 21.1 18.8 18.1 1.9 2.0 1.9 1.7 
LSD 2.3 1.9 3.6 3  .2 0  0 0.5 0 .3 .1 .2 
GA1 13.9a 15.0a 14.2c 15.9a 1.4a 1  1  1  .5a .2a .3a
GA2 14.1a 14.9a 15.6b 15.7a 1.5a 1  1  1  .5a .3a .2a‘Clem
1.1  
son’ 
GA0 14.9 a 18.5 a 1.5 a 1.3a 14.5 a 16.0 a 1.5 a a
Mean 14.3 14.8 16.1 15.8 1.4 1.5 1.2 1.2 
LSD 1.5 2.5 .90  1.4 0.1 0.4 0.1 0.1 
              C x G 
(C x GA1) * * * * * * * * 
(C x GA2) * * * * * * * * 
(C x GA0) * * * * * * * * 
Mean values for each cultivar separately in the same column followed
significantly at P = 0.05. 
 by different letters differ 
f harvest (Table 2). Overall, pod length did not 
differ with harvest time, indicating that growth was maximal by 30 DAA, whereas in 
all cultivars 
drying of the pods. , which ighest n  per plant (Table 
*: statistically significant (p<0.05); ns: not significant. 
GA1 = 50 mg L-1  Gibberellic acid; GA2 = 100 mg L-1 Gibberellic acid; GA0 = 0 mg L-1 Gibberellic 
acid. 
 
 
Effect of gibberellic acid on pod length and diameter  
Despite occasional differences, GA had no significant effect on either pod length or 
pod diameter, irrespective of the time o
there was a decrease in pod diameter at 40-50 DAA due to progressive 
‘Cl on’ems had the h umber of pods
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1), also had the smallest pods, in terms gth and dia able 2), perhaps as a 
result of higher in  competition. 
 
Table 3. The effect of gibb  acid on m  height. 
(C) (
Plant height  
 of len meter (T
ter-pod
erellic ean plant
Cultivar GA 
-mg l 1) (cm) 
GA1 230.0a 
GA2 2  40.0a‘Boyiatiou’ 
GA0 153.0b 
Mean 207.0 
65.5 LSD 
GA1 219.0ab 
GA2 2  42.0a‘Veloudo’ 
GA0 206.0b 
Mean 222.0 
32.0 LSD 
GA1 188.0a 
GA2 2  00.0a‘Pylaias’ 
GA0 178.0  a
Mean 188.0 
LSD 36.0 
GA1 162.0a 
GA2 180.0a ‘Clemson’ 
bGA  74.0  0
Mean 138.0 
LSD 42.8 
                     C x G 
(C x GA1) * 
(C x GA2) * 
(C x GA0) * 
Mean values for each cultivar separately in the same column followed by different letters differ 
significantly at P = 0.05. 
*: statistically significant (p<0.05); ns: not significant. 
GA1 = 50 mg L-1  Gibberellic acid; GA2 = 100 mg L-1 Gibberellic acid; GA0 = 0 mg L-1 Gibberellic 
acid. 
 
 
Effect of gibberellic acid on plant height 
GA  application increased the3
udy, although in cv. ‘Pylaias’ the increase observed was not statistically significan
 mean plant height of all cultivars tested in the present 
st t 
(Table 3). Pl as signi son’ tha
cult . In n d ‘ nt ght  e  
by GA at both concentrations, whereas in u  e n i
 GA (GA
ant height w ficantly lower in ‘Clem
B tiou la
n in the other three 
sig cantly incrivars both ‘Clemso ’ an oyia ’ p
‘Velo
 hei was nifi
 was o
ased
do’ the increas ly sign ficant 
at the higher  level 2). 
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Table 4. The effect of gib ic on u f  p  a  1
seed t ti a ng . 
n      
d
   
seed weight (g) 
berell  acid  the n mber o  seeds er pod nd the 00 
weigh in rela on to h rvesti  time
Mean umber          
of see s/pod 
Mean 100              Cultivar Gibberellic 
acid  rate 
(m ) 
(C) 
g l-1)(G 30 
DAA
35   
DAA
40 
DAA
50 
DAA
30 
DAA
35 
DAA 
40 
DAA 
50 
DAA
GA1 2 2  3  142.9a 58.0a 55.7a 56.1a 1.3a 6.3a 2.0c 9.2b
GA2 51.8a 52.8a 58.8a 60.7a 19.5a 17.7b 34.1b 19.6b‘Boyiatiou’ 
GA0 25.1b 24.7b 31.8b 20.5b 21.3a 26.8a 37.5a 23.3a
Mean 39.9 45.1 48.7 45.7 34.5 23.6 20.7 20.7 
LSD 15.6 17.7 19.4 15.4 4.0 4.4 1.0 3.1 
GA1 2 2  3  234.2a 43.2a 40.5a 58.8a 5.6a 9.0a 9.7a 2.4a
GA2 46.2a 45.3a 54.4a 51.8a 24.9a 22.7b 41.8a 23.4a‘Veloudo’ 
GA0 15.7b 19.3b 22.8b 29.2b 26.8a 33.5a 39.4a 23.7a
Mean 32.0 35.9 39.2 46.6 40.3 28.4 25.7 23.1 
LSD 12.7 14.1 16.5 11.7 3.9 4.6 3.2 1.4 
GA1 2 3  3  258.9a 54.5a 52.6a 48.1a 2.7a 2.5a 9.4a 5.4a
GA2 57.9  57.1 53.8 54.7 23.4 34.4  40.0  24.2a a a a a a a a‘Pylaias’ 
GA0 31.0b 27.9b 29.6b 25 b 21 a 33.2a 38 a 25 a.5 .5 .5 .9
Mean 49.2 46.5 45.3 42.7 39.3 33.3 22.5 25.1 
LSD 13.0 12.6 11.5 10.5 3.4 9.2 4.6 2.1 
GA1 72.4 a 51.7 a 21.9 a 38.6a 54.1 a 64.0 a 26.2 a 23.5a
 62.8a 62.5a 62.5a 60.1a 21.4a 26 a abGA2 .5  36.4  23.1a‘Clemson’ 
GA0 28.6 b 29.6 b 20.3 b 34.8b 28.8 b 34.0 a 20.8 b 23.6a
Mean 54.6 23.5 47.9 52.7 36.6 24.5 21.2 23.4 
LSD 13.7 11.5 12.3 14.2 3.1 3.2 3.4 5.9 
              C x G 
(C x GA1) * * * * * * * * 
(C x GA2) ns ns * * * * * * 
(C x GA0) * ns ns * * * * ns 
Mean values for each cultivar separately in the same column followed by different letters differ 
significantly at P = 0.05. *: statistically significant (p<0.05); ns: not significant. 
GA1 = 50 mg L-1  Gibberellic acid; GA2 = 100 mg L-1 Gibberellic acid; GA0 = 0 
acid. DAA: Days After Anthesis. 
mg L-1 Gibberellic 
 
not affected 
y GA application, irrespective of the time of harvest (Table 4). In ‘Boyiatiou’, there 
 but 
the control (GA0) had a higher 100 seed weight than those 
of seeds from the GA treatments, especially that with the high GA level (GA2). It is 
 
Effect of gibberellic acid on the number of seeds per pod the 100 seed weight  
In all cultivars, the application of GA significantly increased the number of seeds per 
pod, irrespective of the time of harvest (Table 4). GA was equally effective at both 
concentrations used in this study In ‘Boyiatiou’ and ‘Veloudo’ the number of seeds 
per pod also tended to increase with increasing pod age at harvest.. 
The 100 seed weight of ‘Pylaias’ ‘Clemson’ and ‘Veloudo’ was 
b
was no effect of GA on the mean 100 seed weight of seeds harvested 30 DAA,
thereafter the seeds from 
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likely that the decrease in seed size (100 seed weight) correlated with the mean seed 
number, i.e. as seed number increased, mean 100 seed weight decreased. 
 
Effect of gibberellic acid on seed germination, seed moisture content and the 
incidence of hard seeds 
The moisture content of seeds harvested 30 DAA was very high in all cultivars (49-
pared with the control, irrespective of harvest time, whereas 
 ‘Pylaias’ and ‘Clemson;’ no effect of GA on seed germination was detected. The 
cidence of hard seeds was highest in ‘Boyiatiou’ and lowest in ‘Clemson’. In 
on in the percentage of hard seeds within the 
ffect of storage on seed germination 
 of seeds for 18 months remarkably improved the germination of all 
ra growth resulted in a significant 
crease in plant height (Table 3), it did not cause a parallel increase in flower 
55%), but progressively decreased as harvesting was delayed, so that at 50 DDA 
moisture content was just 12-13% (Table 5). There was no consistent effect of GA 
application on seed moisture content, although at 50 DAA the moisture content of 
seeds from the GA2 treatment of ‘Veloudo’ and GA1 and GA2 treatments of 
‘Clemson’ was significantly lower than that of the control (GA0). 
 In ‘Boyiatiou’ seed germination was highest for pods harvested 35 DAA and 
decreased significantly for pods harvested 50 DAA. In the other cultivars, however, 
seed germination was low for pods harvested at 30 DAA, but higher for pods 
harvested at later dates (35-50 DAA) (Table 5). In ‘Boyiatiou’ germination was 
significantly lower in seeds harvested from plants treated with the lower GA 
concentration (GA1). In contrast, in ‘Veloudo’ germination was significantly higher in 
both GA treatments com
in
in
‘Veloudo’ there appeared to be a reducti
GA treatments, which may account for the positive effect of GA on germination in 
this cultivar (Table 5). 
 
 
E
The storage
cultivars, but especially ‘Veloudo’ and ‘Boyiatiou’ where the increase in germination 
after storage was 41% and 33 % respectively (Figure 2).   
 
 
Discussion 
Although GA application at an early stage in ok
in
 110
Institutional Repository - Library & Information Centre - University of Thessaly
09/12/2017 05:56:24 EET - 137.108.70.7
ind od 
sio he 
type ( but it did crease the number o s per pod, all a
the expense d size ‘Boy ou’ ble 4
 
e 5. fec b  n o  c t a s  
nati  a  i o ar g
a stu te
e
M rm  
hardness 
uction or pod set (Table 1). Similarly, GA did not significantly affect p
nd di ich were pdimen ns (length a
cultivar), 
ameter) (Table 2), wh rimarily determined by t
f seedgeno significantly in t 
 of see  in iati (Ta ). 
Tabl The ef t of g bi
on a d
erellic
seed
acid o
rdnes
seed m
n rela i
isture
n to 
onten
vesti
t harve t, se de
germi n
Me
 h
n mo
s
re co
t
nt 
h n
ean g
 time. 
inationi
at harv
n
st (%) 
e
(%
            
) 
Seed 
(%)  
Cultivar
(C
 
) 
Gibberellic 
acid  rate 
(mg l-
  
30-35-40-50 
1)(G) 30 
DAA 
35 
DAA 
40 
DAA
50 
DAA 
30 
DAA 
35 
DAA
40 
DAA 
50 
DAA DDA 
GA1 48.1b 34.7a 14.5a 13.5a 26.4b 48.9b 40.5b 23.0b 54.8 
GA2 52.8a 20.3b 12.4a 13.9a 38.8a 69.0a 64.2a 31.3a 48.7 ‘Boyiatiou’ 
GA0 4  1 1  4 7 6  3  45.0 8.7b 30.0a 5.2a 2.9a 0.5a 0.5a 1.6a 3.1a
Mean 49.8 28.3 14.0 13.4 35.2 62.8 55.4 29.1 49.5 
LSD 4.2 8.7 4.2 2.1 5.9 6.2 6.9 5.2  
GA1 51.8c 35.6a 19.4a 12.6a 34.8a 72.6a 72.1a 72.1a 20.0 
GA2 55.8a 25.3b 18.4a 10.6b 35.7a 70.6a 72.2a 74.3a 17.7 ‘Veloudo’ 
GA  5  4 2 1 2 4 5  4  32.8 0 3.8b 1.6a 2.2a 2.9a 3.5b 6.6b 2.2b 4.9b
Mean 53.8 34.1 20.0 12.0 31.3 63.2 65.5 63.7 23.5 
LSD 1.6 10.0 8.7 1.8 4.9 5.4 5.9 6.3  
GA1 53.5a 38.4a 18.4a 11.7a 38.7a 84.1a 86.1a 85.4a 10.6 
GA2 53.8a 41.8a 17.2a 12.2a 39.6a 84.0a 87.7a 83.6a 12.0 ‘Pylaias’ 
GA0 5  1 1  4 8 8  8  14.0 4.3a 44.1a 7.8a 2.9a 3.5a 8.3a 6.1a 0.6a
Mean 53.8 41.4 17.8 12.2 40.6. 85.4 86.6 83.2 12.2 
LSD 2.6 6.3 8.5 1.3 7.0 5.7 3.7 5.2  
GA1 5  28 a 12.9b 11.9b 37 b 77.3a 91.0b 88 a 5.3 5.1a .6 .5 .7
GA  55.1a 28 a 16.9a 11.6b 38 b 75.9a 93.8a 91 a 4.3 2 .5 .8 .3‘Clem
a 4.8 
son’ 
GA0 54.0a 33.0a 12.8b 13.1a 60.9a 77.9a 94.9a 91.3
Mea 4.8 n 54.7 30.0 14.2 12.2 45.7 77.0 93.2 90.4 
LSD 13.7 3.6 0.9 6.4 2.7 2.7 3.8  2.7 
             C x G 
(C x GA1) * * * * * * * * 
(C x GA2) ns * * * * * * * 
(C x GA0) * * * * * * * * 
 
Mean values for each cultivar separately in the same column followed by different letters differ 
significantly at P = 0.05. *: statistically significant (p<0.05); ns: not significant. 
GA1 = 50 mg L-1  Gibberellic acid; GA2 = 100 mg L-1 Gibberellic acid; GA0 = 0 mg L-1 Gibberellic 
acid. DAA: Days After Anthesis. 
 
The positive effect of gibberellin on plant height is well documented for okra 
and for other species. In okra, GA increases plant height by increasing intermodal 
length, but has no effect on the number of nodes per plant. Since flowers are induced 
singly at each node (Dhingra, 2009), there is therefore no effect of GA on flower or 
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pod induction. Similarly, the application of Gibberellin inbitors, e.g. chlormequat 
chloride, reduce internode length and therefore plant height, but with no positive 
effect on node or flower induction (Thanopoulos et al., 2013). The effect of GA may 
be exerted from an early stage in plant growth, such as the seedling (Pal and Hossain, 
2001) or even the seed (Das and Pattanaik, 1971). In other studies, GA has been found 
to have no effect on pod induction (Syed et al., 1997), although an increase in 
flowering, but not the percentage of fruit set, was observed when GA was applied as a 
eed soak (Nandpuri et al., 1969). In contrast, Abduljabar et al. (2007) reported an 
increase in okra seed production when the plant apex was removed and GA (100 ppm) 
applied one day later. The increase in seed yield was apparently a result of GA-
promoted side shoot development and is therefore not comparable with the present 
experiment where the main shoot was allowed to grow continually. 
 
s
0
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Pylaias Clemson
20
40er
m
in
60
80
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G
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Figure 2- Seed germination percentage at harvest time and after 18 months storage at 
room temperature of 25oC (pooled data for all treatments).  
 
 The lack of effect of GA on pod growth (length and diameter) is not surprising 
since this characteristic is influenced mainly by genotype (Raji, 1994). A decrease in 
pod size when harvesting is delayed (50 DAA) may be attributed to pod desiccation 
under the conditions of high temperatures and low humidity experienced in the field 
(Fig. 1). Kokare et al. (2006) and Pal and Hossain (2001) also noted an absence of 
effect of plant growth regulators on okra pod growth, although Asghar et al. (1997) 
and Dhankhar and Singh (2009) suggested an increase in pod length and diameter 
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following GA3 application. In these studies, however, pods were harvested at a 
smaller size, i.e. before full maturation, as here. Moroeover, the effect of GA may 
depend on the timing and number of applications made, as shown by Ayyub et al. 
(2013) who reported an increase in fresh pod yield when okra was repeatedly sprayed 
with GA throughout the growing season. 
 The principal effect of GA on okra in the present experiment was the 
significant increase in the number of seeds per pod (Table 5). Although a similar 
effect of GA on seed number has been reported for mung bean (Vigna radiata [L.] R. 
Wilczek) (Manzurul and Shahidul, 2002), Bhatt and Srinivasa Rao (1998) found no 
effect of GA on the seed number per pod in okra, possibly due to the fact that they 
used a lower concentration of GA (50 50 and 100 mg l-1) compared with that used 
here. Although an increase in the number of seeds per pod is of immediate concern for 
seed producers, it may nevertheless result in lower seed quality, as indicated by the 
significantly lower 100 seed weights of seeds of ‘Boyiatiou’ from the GA treated 
plants (Table 5). Mean 100 seed weight at harvest depends mainly on the cultivar and 
on the 
son’ or ‘Pylaias’, whereas in ‘Boyiatiou’ 
germin
extent of seed drying. In the present experiment seeds harvested 50 DAA had a 
significantly lower mean 100 seed weight than those harvested earlier (especially at 
30 DAA). Although Singh et al. (1999) indicated an increase in okra seed weight per 
pod following foliar application of GA3 (20-40 ppm), this result was obtained when 
seeds were produced on plants that had already been harvested for fresh pods. 
In general, there was little or no effect of GA on seed moisture content at 
harvest. Seeds rapidly dried as pod harvesting was delayed, especially at 40-50 DAA. 
A negative effect of rapid drying under high field temperatures is an increase in the 
percentage of hard seeds (Demir, 1997). This is particularly the case in cv. 
‘Boyiatiou’ and to some extent ‘Veloudo’. In ‘Veloudo’ there was some indication 
that GA may reduce the incidence of hard seeds, thereby improving seed quality, as 
shown by the higher germination of seeds from GA treated plants in this cultivar 
(Table 5). A similar result has been reported for cv. Balady grown under winter 
conditions in Egypt (Patil et al., 2007). There was, however, no effect of GA on seed 
germination (i.e. seed quality) in either ‘Clem
ation was significantly lower in seeds harvested from plants treated with the 
lower GA concentration (GA1). The reason for this effect of GA is not clear since it 
occurred only at the lower GA level (50 mg l-1) and not the higher level (100 mg l-1); 
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it cannot therefore be a toxicity effect. It did, however, occur at all stages of harvest 
and therefore requires further investigation. 
It should be noted that because GA was applied only once to plants at an early 
stage of growth, the results described here refer to pods formed on the lower part of 
the plant, where GA would be expected to have maximum effect. It is known that the 
sensitivity of plants to GA varies with the stage of growth at the time of application 
(Moore, 1979). Consequently, GA applied to okra at the 3-4 leaf stage might be 
expected to affect pods and seeds formed early on in the life cycle of the plant (i.e. in 
the lower part of the mature plant) but not necessarily later on. For example, a single 
foliar application of GA did not affect the number of leaves per plant in spring or 
autumn crops, whereas repeated foliar applications of GA caused an increase in leaf 
number that depended on the time after planting at which GA application started 
(Alexopoulos et al., 2006). Generally, in different position of the plant seed 
germination in all cultivars except ‘Clemson’ was higher in seeds from pods harvested 
from the lower part of the plant than those from pods in the upper part of the plant, 
irrespective of GA treatment (data not presented). Morever, in all cultivars except 
‘Clemson’ the percentage of hard seeds was higher in seeds from the upper part of the 
plant. We cannot, however, attribute these differences to GA application because the 
pods from the lower and upper parts of the plant were harvested at different times and 
therefore subjected to different climatic conditions. Rather, it appears that pods and 
eds from the upper plant part matured under higher temperatures and lower 
umidity; in consequence seeds dried more rapidly than those form the lower part of 
ding to the formation of a hard testa (Demir, 1997). These considerations 
content, but it did however, increase the number of seeds per pod. 
se
h
the plant, lea
were not necessarily taken into account in other experiments where GA was applied 
to the seed or seedling and measurements taken at the end of the biological cycle of 
the crop (e.g. Das and Pattanaik, 1971; Singh et al., 1999). 
 
 
Conclusion 
Application of GA3 at a concentration of 50-100 mg l-1 to okra increased plant height 
irrespective of cultivar, but without increasing flower induction or pod set. Similarly, 
GA had no effect on pod dimensions (length, diameter) or mean 100 seed weight, 
except in Boyiatiou. Meanwile, GA application did not consistently affect seed 
moisture 
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Germination was either promoted (‘Veloudo’), inhibited (‘Boyiatiou’) or not affected 
Pylaias’, ‘Clemson’) by GA. Differences in germination were apparently related to 
e incidence of hard seeds. Storage of seeds for 18 months improved germination. It 
erefore seems that foliar application of GA may be beneficial for seed production of 
eloudo’ by increasing seed quality (germination), but is not of value for the other 
ultivars. 
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Chapter 6 
 
 
The effect of fruit load on pod set, pod size and seed characteristics of four okra 
cultivars 
 
 
 
Abstract 
 
A study to determine the effects of fruit load on the pod and seed characteristics of 
okra was carried out at the Agricultural Farm of the University of Thessaly in 2011. 
Four cultivars of okra (‘Boyiatiou’, ‘Veloudo’, ‘Clemson’ and ‘Pylaias’) were 
cultivated with three levels of fruit loading: L1 (10 fruits plant-1), L2 (15 fruits plant-1) 
and L3 (all fruits). The results revealed a significant difference between loading levels 
and seed germination in all cultivars. Leaving more fruit on the plant (L3) in cv. 
‘Boyiatiou’ and ‘Veloudo’ caused lower seed germination, where in cv. ‘Pylaias’ and 
‘Clemson’ the opposite effect was observed. Highest germination was recorded for 
plants with the lowest fruit load (L1). The most seed hardness and least seed 
ermination was observed in cv. ‘Boyiatiou’, but storage of seeds of this cultivar for 
eased germination by up to 16.2 %. Flower induction, fruit set and fruit 
 
 
It has l
g
18 months incr
dimensions were unaffected by fruit load, irrespective of cultivar. Seed number per 
fruit was not affected by fruit load, but seed size (mean 100 seed weight) tended to 
decrease with fruit load in cv. ‘Boyiatiou’ and ‘’Pylaias’. There was also no consistent 
effect of fruit load on plant height.  
 
 
Introduction
ong been known that in okra flowers and fruits develop singly at each node 
after about the 5th to 8th leaf. Additionally, the presence of a developing fruit at one 
node tends to inhibit flowering and fruit growth at next node (Dhankhar and Singh, 
2009). This means that for the fresh commodity, if fruits are not harvested regularly at 
an immature stage (e.g. every 3-4 days), production will occur in waves and yield will 
be reduced. 
In the seed crop, fruits grow to maturity on the plant and thus the effect of fruit 
load on seed fruit production is greater than in the fresh fruit crop. The developing 
fruits act as sinks that influence photoassimilate distribution and plant growth. The 
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manipulation of these sinks by harvesting immature fruits for fresh consumption 
constantly alters the balance between supply and demand for assimilates within the 
plant and in turn influences physiological processes such as photosynthesis, growth, 
and development (Bhatt and Srinivasa Rao, 1993). Regular harvesting seems to 
increase the activity of the photoassimilate source (leaves), delays leaf senescence and 
increases photassimilation. In parallel, the total number of pods formed increases 
(Natraj et al., 1992; Bhatt and Srinivasa Rao, 1993; Rashid, 1999), although the 
magnitude of this increase varies between cultivars (Bhatt and Srinivasa Rao, 1997). 
Picking
oniruzzaman and Quamruzzaman, (2009) cultivated okra cv. BARI Dheros-1 for 
ction simultaneously on the same plant and found that seed 
harvested from the plants prior to leaving 
s carried out at the experimental farm of the University of 
Thess he sand, silt and clay content of 
.7- 
ransplanted at the stage of 3-4 true 
leave
Veloudo’ and ‘Pylaias’. 
     b) 
 of green fruits encourages vegetative growth, fruit characteristics and 
ultimately seed quality in okra (Singh et al., 1999; Velumani and Ramaswamy, 1980). 
M
seed and fresh pod produ
yield was highest when 4-6 green fruit were 
pods to mature for seed production. 
In the present experiment, the effect of three levels of fruit loading on the 
plant in relation to pod and seed quality characteristics was studied in four genotypes. 
 
 
Material and Methods 
Plant material and experimental conditions 
The experiment wa
aly throughout the growing season of 2011. T
the experimental site were 48, 29 and 23%, respectively. The pH was between 7
8.1 and the percent organic matter was 1.3. Seeds of four okra cultivars were sown in 
seeding trays on 20 May and retained under controlled temperature (20oC) within the 
nursery until field transplantation. Plants were t
s, on 10 June. 
The experimental treatments were as follows: 
a) Four cultivars of okra, cv. ‘Clemson’, ‘Boyatiou’, ‘
Three loading levels: L1= Leaving 10 fruit on the plant and removing all 
successive fruits; L2= leaving 15 fruits on the plant and removing all successive 
fruits; L3= control (leaving all the fruits on the plant).   
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The crop was irrigated regularly on a weekly basis with a drip irrigation system, 
where
 ml/1000 m2 ).  
) and from then 
on each flow  on a daily basis, noting the date of flowering, 
position on t  two rows was 2 m and the distance 
between two plants within each row was 30 cm. The total area was 200 m2.  
 
Measuremen
Seed g d hardness were determined in the 
same manner pter 2. 
Throughout the experiment the following data were recorded:  
Mean seed germination  
 flower induction per plant  
erage number of seeds per pod  
Both experiments were laid out in a Randomized Complete Block design with 
ctorial arrangement using three replications (n=3), with each block being consisting 
f 12 plots of 9 m2 (3×3 m), in total 36 plots. (See table 1 in chapter 2 for field plan of 
iment).  
Statistical analysis was carried out with the aid of the S.A.S. statistical package 
red by Duncan’s Multiple Range 
as for weed control Fusilade herbicide was applied by spraying when the plants 
were 20 cm in high (fluazifop-P-butil, 800
First anthesis was recorded 33 days after transplantation (DAT
er was recorded and tagged
he plant etc. The distance between
ts 
ermination and the evaluation of see
 as mentioned in cha
- 
- Total
- Number of pod set per plant  
- Mean pod length  
- Mean pod diameter  
- Av
- 100 seed weight   
- Mean plant height 
 
Statistical analysis 
fa
o
the exper
(SAS Institute Inc., USA) and means were compa
Test (DMRT) and the Least Significant Difference (LSD) test at p<0.05. Graphs were 
generated using Microsoft Excel software (Microsoft Corporation, USA). 
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Results 
 
Climatic conditions during the cultivation period 
 
The climatic conditions of the experimental site are given in Fig. 1. The temperature 
gradually increased fro ay to Jul October. There was a 
difference of about 12-16 °C between mperatures (in mean 
overall differences) throughout the experimental period. There was no rainfall during 
July, but during the other months varied from 23 to 43 mm. Relative humidity thus 
decreased during July, but afterwards increased progressively. This means that as the 
number of days from anthesis increased (from 30-50 DAA) pods were increasingly 
exposed to lower temperatures and higher humidity. 
 
 
m M y and then decreased till 
 minimum and maximum te
Fig 1. Climatic features of the experimental site during the cultivation period (arrows 
show the duration of pod harvest). (The black arrow shows the harvest time of L1 and 
L2 and the red arrow shows the harvest time of L3). 
 
 
Flower induction, pod set and the number of pods per plant retained until maturity 
 
Flower induction was significantly higher in ‘Clemson’, ‘Pylaias’ and ‘Veloud
0 
o’ than 
 ‘Boyiatiou’.  In all cultivars the percent pod set was high (approximately 80-90%), 
but tended to be lower in ‘Boyiatiou’ than in the other cultivars. This meant that the 
in
10 
20 
60 
70 
80 
9
100 Minimum mean temperature (°C)
Maximum mean temperature (°C)
0 Average relative humidity (%)
Tota ip  (ml prec itation m)
30 
40 
50 
 May  Jun.  Jul.  Aug.  Sep.  Oct.
Month
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total number of pods set per plant was significantly lower in ‘Boyiatiou’ (mean value 
9
plant-1). Because of this, the number of pods in treatment L  of ‘Boyiatiou’(6 pods 
p ed h b a n 1 
(10 pods). Differences in pod set also led to variation in the num t-1 in 
 (all pods retained), and was significantly higher than L  ‘Clemson’ 
marginally high n ‘Velo but virtual  same in ‘Pylaias’ (Table 1).  
e e t of fruit load on total flower induction and pod set, percentage pod 
se  the nu f pods p t retained until maturit
var 
) 
Fruit 
load 
level 
Tot er 
induction 
(flowers/plant)
Pod set 
(pods/plant)
Percent 
pod set 
Pods retained 
maturity/plant 
.9 pods plant-1) than in the other cultivars (mean values ranging from 16.7-22.3 pods 
2
s less evelan -1) ailt f to reac the target num er (15) and w than in treatment L
ber of pods plan
treatment L3 2 in
er i udo’, ly the
 
 
Table 1- Th ffec
t and mber o er plan y . 
 
Culti
(C
(L) 
al flow
(%) 
until 
L1 13.6a 11.3a 83.1 10 
L2 8.6a 6.6a 76.7 6 
‘Boyiatiou’ 
L3 1 15.0a 2.0a 80.0 12 
Mean 12.4 9.9 79.9 9.3 
LSD 7.3 6.5   
L1 15.6b 14.0a 89.7 10 
L  2 21.0a 18.3a 87.1 15 
‘Veloudo’ 
L3 20.3ab 18.0a 88.7 1  8
Mean 18.9 16.7 88.5 14.3 
LSD 4.9 6.2   
L1 22.6a 21 a 94.2 10 .3
L2 23.6a 19  83.1 15 .6ab
‘Pyl
a b
aias’ 
L3 16.6  84.3 14  14.0
Mean 20.9 18.3 87.2 13.0 
LSD 8.5 6.9   
L1 23.0 a 91.3 10 a 21.0
L2 20.0a 17.6a 88.0 15 
‘Clemson’ 
L3 31.3a 28.3a 93.6 28 
Mean 24.7 22.3 90.6 17.6 
LSD 11.4 11.5 
C×L   
(C×L1) * * 
(C×L2) * * 
(C×L3) * * 
  
Mean separation by LSD test. Mean values in the same column followed by different letters differ 
significantly at P = 0.05. 
*: statistically significant (p<0.05); ns: not significant. 
L1= Leaving 10 fruit on the plant and remove all other successive fruits; L = leaving 15 fruits on the 
plant and remove all other successive fruits; L
2
l (leave all the fruit on the plant). 
 
3= contro
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Effect of fruit load on mean pod length and diameter 
 
Mean pod length was highest in cv. ‘Veloudo’ (21.6 cm) and lowest in cv. ‘Clemson’ 
(16.8 cm).  There was no effect of fruit l po any cultivar, 
except ‘Veloudo’ where pod length was higher in treatment L  fruit per plant) 
than in L2 (15 fruit per plant), but not in relation to L3 (all fruits ble 1). Similarly, 
pod diameter was not affected by fruit load, except in ‘Veloudo’ where pod diameter 
was highest d lowest in L2 (Table 2). 
 
 
Table 2- The effect of fruit load on pod d ions at seed rity stage. 
 
tivar Fruit load level 
Mean pod 
length         
Mean pod 
di r    
oad on mean d length in 
1 (10
) (Ta
in L1 an
imens  matu
Cul
(C) (L) (cm) 
amete
(cm) 
L  1 19.6a 2.1a 
L2 18.8a 1.8a ‘Boyiatiou’ 
L3 1 a 9.4 2.0a 
Mean 19.2 1.9 
LSD 2.2 0.3 
L1 23.0a 2.0a 
L2 2 b0.0  1 c.7  ‘Veloudo’ 
L3 21.9ab 1.9b 
Mean 21.6 1.8 
LSD 2 0.09 .3 
L1 18 a 1  .6 .8a
L2 21 a 1  .5 .8a‘Pylaias
a
’ 
L3 21.7   1.7a
Mean 20.6 1.7 
LSD 4.4 0.2 
L1 15.7 a a 1.1
L2 17.2a 1.2a ‘Clemson’ 
L3 17.5a 1.2a 
Mean 16.8 1.1 
LSD 2.5 0.1 
                  C×L 
(C×L1) * * 
(C×L2) * * 
(C×L3) * * 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
different letters differ significantly at P = 0.05. 
*: statistically significant (p<0.05); ns: not significant. 
L1= 
plant
Leaving 10 fruit on the plant and removing all other successive fruits; L2= leaving 15 fruits on the 
 and removing all other successive fruits; L3= control (leaving all the fruit on the plant). 
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 ber of seeds per pod in ‘Clemson’ and 
ylaias’ was higher than in ‘Boyiatiou’ and ‘Veloudo’ but statistically significant  
differe ble 
3). 
Seed size (mean 100-seed weight) was significantly higher in plants with only 
10 p  in th ntrol (L3) in ‘Boyiatiou’ and ‘Pylaias’ as well as in plants 
with 15 pods (‘Boyiatiou’ and ‘Veloudo’). No effect of ber per plant on seed 
size was observed in cv. ‘Clemson’ (Table 3). 
 
he ef of fruit loa ed character and plan
var 
 
Fruit load 
level 
(L) 
Mean er of 
seeds/pod 
Mean 100 
seed weight 
Plant height   
Effect of fruit load on mean number of seeds/pod and mean 100-seed weight 
 
No significant difference was observed between fruit load and the number of seeds 
per pod in any of the cultivars. Overall, the num
‘P
nces were ob y ith 1 s (Lserved onl between plants w 0 or 15 pod 1 and L2) (Ta
ods (L1) than e co
pod num
Table 3- T fect d on se istics t height. 
Culti
)(C
 numb
(g) 
(cm) 
L1 74.3a 5.4a 118.0a 
L2 63.3a 4.7b 117.0a ‘Boyiatiou’ 
L3 67.3a 4.8b 128.0a 
Mean 68.3 4.9 121.0 
LSD 20.9 0.3 16.3 
L1 65.0a 6.0a 132.0b 
L2 89.3a 5.4b 120.0b ‘Veloudo’ 
L3 63.3a 6.0a 148.0a 
Mean 72.5 5.7 133.3 
LSD 36.7 0.9 13.9 
L1 79.6  6.1  134.0  a a a
L2 83.6a 5 b 103.0b .7a‘Pylaia
L3 90.3a 5  122.0a 
s’ 
.0b
Mean 8  5  119.6 4.5 .6
LSD 33.1 1.4 15.5 
L  107.6a 5.3a 88.0a 1
L2 95.3  72.0a 5.2a b ‘Clemson’ 
L3 91.6a 5.5a 90.0a 
Mean 98.1 5.3 83.3 
LSD 36.1 0.5 13.2 
               C×L 
(C×L1) * * * 
(C×L2) * * * 
(C×L3) ns * * 
Mean separation by LSD test. Mean values for each cultivar separately Mean values for each cultivar 
separately in the same column followed by different letters differ significantly at P = 0.05. 
*: statistically significant (p<0.05); ns: not significant. 
L1= Leaving 10 fruit on the plant and removing all other successive fruits; L2= leaving 15 fruits on the 
plant and removing all other successive fruits; L3= control (leaving all the fruit on the plant). 
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Effect of fruit load on mean plant height 
 
The effect of fruit load on plant height was variable and showed no consistent trend. 
) 
 comparison with the control (L3). In ‘Clemson’ and 
content at harvest, percent germination 
and the incidence of hard seeds 
e percent seed 
germination of cv. ‘Boyiatiou’ was statistically lower than that of ‘Clemson’ and 
ination and the 
presented in Table 5. Similarly, the rate of germination (mean germination time) was 
 
 Ef
S fo ths t rm
cultivars, but the percent improvem fered, e.g. in udo’ seed g ation 
in .9 % r storage bu emson’ by on  (Figure 2
For example, in ‘Veloudo’ restricting the number of pods per plant (L1 and L2
appeared to reduce plant height in
‘Pylaias’ plant height was lower in treatment L2 (15 pods per plant) than in either L1 
(10 pods per plant) or L3 (28 pods plant-1 in ‘Clemson’, but only 14 pods plant-1 in 
‘Pylaias’). In contrast, in ‘Boyiatiou’ no difference in plant height occurred between 
any of the treatments (Table 3). 
 
Effect of fruit load on mean pod moisture 
The number of pods per plant did not affect the seed moisture content at harvest, 
irrespective of cultivar (Table 4). Seed moisture content tended to be higher in 
‘Pylaias’ and ‘Clemson’ (mean = >15%) than in ‘Boyiatiou’ (12.0%) and ‘Veloudo’ 
(14.6%), but statistically significant differences between cultivars were recorded only 
in treatments L2 and L3. 
Seed germination was also higher in Pylaias’ and ‘Clemson’ (mean = >90%) 
than in ‘Boyiatiou’ (68%) and ‘Veloudo’ (76%) (Table 4). The lower germination of 
‘Boyiatiou’ and ‘Veloudo’ resulted from the higher incidence of hard seeds (22% and 
13%, respectively) compared to that in the other cultivars (<5%). Th
‘Pylaias’ in all treatments (Table 4), indicating that both germ
incidence of hard seeds is determined primarily by the genotype and not by the 
number of pods per plant. This conclusion is supported by the correlation coefficients 
lower in Boyiatiou than in the other cultivars (not shown).   
fect of seed storage on seed germination 
eed storage r 18 mon  at room tempera ure improved ge ination in all 
ent dif  ‘Velo ermin
creased by 20 af et t in ‘Cl ly 4.6 % ). 
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 Table 4 - The effect of fruit load o  moisture content and seed germ on 
Cultivar (C) 
Fruit load 
level 
(L) 
Mea ture 
content at harvest germ
Seed hardness   
n seed inati
n mois
(%) 
Mean 
ination (%) (%) 
 
L1 1  73.7a 3.6a 16.3 
L2 11.4a 69.0b 23.6 ‘Boyiatiou’ 
L3 11.0a 61.0b 27.3 
Mean 12.0 67.8 22.4 
LSD 3.9 2.4  
L1 1  84.5a 2.6a 9.6 
L2 15.3a 75.6b 13.0 ‘Veloudo’ 
L3 14.0a 71.0c 16.3 
Mean 14.6 76.4 12.9 
LSD 4.6 2.7  
L1 1  8  6.6 6.2a 8.6b
L2 16.3  94.6  3.0 a a‘Pylaias’ 
L3 1  89.6b 5.3 5.4a
Mean 15.9 90.9 4.9 
LSD 3.7 3.0  
L1 15.5 b 3.3 a 92.6
L  15. a a2 3  96.6  2.0 ‘Clemson’ 
L  15.5a 3  3.0 95.0ab
Mean 15.4 94.7 2.7 
LSD 2.8 2.7 
                 C×L 
(C×L ) ns * 1
(C×L2) * * 
(C×L3) 
 
* * 
Mean separation by LSD test. Mean values f h cultivar separately same column followed by 
ifferent letters differ significantly at P = 0
 signi .05); ns: not sig nt. 
1 0 frui ant and removing all other successive fr ving 15 fruits on the 
lant and removing ccessive fruits; L3= control (leaving a  the plant). 
 
Correla een cultiv t load and seed ge ination.  
Ge n Fruit  Cultivar 
or eac  in the 
d .05. 
*: statistically ficant (p<0
t l
nifica
L = Leaving 1 on the p
l othe
u = leaits; L2
p al r su ll it on the fru
Table -  5 ti twons be ar, frui rm
 rminatio Load
Germination  0,1848 0,9179 
  (36) (36) 
  0,2806 0,0000 
Fruit Load -0,1848  0,0000 
 (36)  (36) 
 0,2806ns  1,0000 
Cultivar 0,9179* 0,0000  
 (36) (36)  
 0,0000 1,0000  
ns: not significant, *: Significant at P<0.05. 
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Fig. 2. Improvement of okra seed germination by storing the seeds for 1.5 years.  
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Although the percent pod set was high (approximately 80-90%) in all four cultivars, 
flower induction was significantly higher in ‘Clemson’, ‘Pylaias’ and ‘Veloudo’ than 
in ‘Boyiatiou’. Consequently, the number of pods per plant was low in ‘Boyiatiou’ 
and did not correspond to the programmed fruit load in L2 (15 pods instead of 10) and 
was low in L3. Differences in flower induction also led to variation in the number of 
pods plant-1 in treatment L3 (all pods retained), which was significantly higher than L2 
in ‘Clemson’, only marginally higher in ‘Veloudo’, and virtually the same in ‘Pylaias’ 
(Table 1). These deviations from the programm
taken into account when interpreting the results. 
 In the crop for fresh consumption, it is well known that frequent harvesting 
increases pod formation and yield (Perkins et al., 1952; Natraj et al., 1992; Bhatt and 
Srinivasa Rao, 1993; Rashid 1999). However, in the seed crop, retention of the pod on 
the plant until maturation reduces pod set, as was the case especially in ‘Boyiatiou’. It 
might be expected, therefore, that pod size would be affected by the number of pods 
maturing on the plant since each pod acts as a sink for nutrients (Bhatt and Srinivasa 
Rao, 2009). In reality, however, pod length and diameter, as discussed in chapter 2, 
are genetically determined traits (Srivastava, 2009); they were therefore not affected 
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by fruit load. An apparent exception to this was the higher pod length of cv. 
‘Veloudo’ in treatment L1 (10 pods plant-1) compared with L2 (15 pods plant-1), but 
not in relation to L3 (no pod harvest). Pod length in okra has been reported to 
decrease with higher pod load, due to an increase in water stress (Bhatt and Srinivasa 
Rao, 2009). In the present experiment there was no indication of water stress during 
cultivation, which may explain the absence of an effect of pod load on pod length. 
Similarly, pod diameter was highest in L1, but lowest in L2 and not L3 (Table 2). It 
can therefore be surmised that even in this instance, the differences in pod dimensions 
were unlikely to have resulted from the fruit load on the plant, but were due to a 
possible lack of homogeneity in the plant population or perhaps to a difference in 
sampling time. Finally, although pods were permitted to set after the desired number 
for each treatment had been attained (these pods were immediately removed once set), 
the number of these additional pods per plant (Table 1) depended on the cultivar and 
the number of pods per plant in relation to L3 
‘Boyiatiou’ (12.0%) and ‘Veloudo’ (14.6%), indicating that perhaps seed drying 
was not related to fruit load. 
 Although overall the number of seeds per pod in ‘Clemson’ and ‘Pylaias’ 
(mean value 98 and 84, respectively) was higher than in ‘Boyiatiou’ and ‘Veloudo’ 
(mean value 68 and 72, respectively), this characteristic was not affected by the pod 
load. This result differed from that of Moniruzzaman and Quamruzzaman (2009) who 
found that when the first-formed fruit were harvested from the plant in a crop grown 
for both fresh production and seed, the number of seeds formed per fruit subsequently 
was higher. Similarly, differences in mean 100 seed weight in each cultivar could not 
generally be related to pod load. For example, mean seed weight of ‘Boyiatiou’ was 
higher in L1 (10 pods plant-1) than in L3 (no hrvest of pods), but also higher than in L2 
(15 pods plant-1).  In ‘Veloudo’ mean 100 seed weight was higher in L1 and L3 (10 
pods and no pod hrvest, respectively) than in L2 (15 pods plant-1).  In ‘Pylaias’ mean 
100 seed weight was higher in L1 (10 pods plant-1) than in L3, but not L2 (15 pods 
plant-1), whereas in ‘Clemson’ no differences were observed in 100 seed weight even 
though in L1 there was only a third of 
(10 and 28 pods plant-1, respectively).  
 The effect of fruit load on plant height was also variable and showed no 
consistent trend (Table 3). Moreover, the number of pods per plant did not affect the 
seed moisture content at harvest, irrespective of cultivar (Table 4).  Seed moisture 
content tended to be higher in ‘Pylaias’ and ‘Clemson’ (mean = >15%) than in 
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occurred at a more rapid rate in the latter, thus contributing to the higher incidence of 
hard seeds in these cultivars (Demir, 1997). 
Seed germination was higher in Pylaias’ and ‘Clemson’ (mean = >90%) than 
in ‘Boyiatiou’ (68%) and ‘Veloudo’ (76%) (Table 4) due to the higher incidence of 
hard seeds in the latter (22% and 13%, respectively) compared with <5% in the other 
cultivars. Although seed germination is known to correlate with the position of the 
pod on the plant (Bhatt and Srinivasa Rao, 2009), it differ with the number of pods 
per plant. For example, in ‘Boyiatiou’ germination was highest in seed from plants 
with 10 pods (rather than 15 or control), while in ‘Pylaias’ and ‘Clemson’ germination 
was highest in seed from plants with 15 pods (rather than from plants with a higher or 
lower number of pods). Only in the case of ‘Veloudo’ was a progressive reduction in 
seed germination recorded with increasing pod load (Table 4). Overall, therefore, it 
may be concluded that both germination and the incidence of hard seeds is determined 
primarily by the genotype and not by the number of pods per plant. 
Seed storage for 18 months at room temperature improved germination in all 
cultivars, especially in ‘Veloudo’ and ‘Boyiatiou’, indicating that storage can reduce 
the effect of seed hardness. 
 
Conclusions 
 
Overall the effects of pod load on pod and seed characteristics were slight in 
comparison with the effect of genotype. Genotype strongly influenced pod size, seed 
number, germination and seed hardness, whereas differences within cultivars showed 
no consistency with the number of pods maturing on the plant. Therefore, pod load is 
not considered to affect okra seed quality. 
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Chapter 7 
 
The effect of N application and sowing date on okra pod and seed characteristics 
in relation to harvest time 
 
 
Abstract 
The aim of the present study was to examine the effect of nitrogen (N) application 
rate and sowing dates on seed quality characteristics and pod production of four 
cultivars of okra (Abelmoschus esculentus L.). Seeds of four okra cultivars 
(‘Boyatiou’, ‘Veloudo’, ‘Clemson spineless’ and ‘Pylaias’) were sown on 13 May (1st 
sowing) and 2 June (2nd sowing) and transplanted to the field at the stage of 3-4 true 
leaves. Plants were subjected to three N levels: F1 (control, 150 mg N L-1), F2 (300 
mg N L-1) and F3 (450 mg N L-1). From the results it was found that although the 
difference in sowing times was only 20 days, the 2nd sowing (2 June) improved flower 
induction and pod set of okra, but without affecting pod size. The number of seeds per 
pod was not affected by sowing time, but the mean 100 seed weight was generally 
lower in the 2nd sowing. The main effect of sowing time related to seed germination. 
In all cultivars, except ‘Veloudo’ germination increased in the 2nd sowing mainly as a 
result of lower seed hardness. Germination was also improved by increasing N levels, 
or by seed storage, acid scarification or seed priming. The improvement in 
germination is a major quality parameter for okra seed production, especially for 
cultivars with a high incidence of hard seeds. 
 
Introduction 
 
The effect of N application on the pod and seed characteristics of four okra cultivars 
(‘Boyatiou’, ‘Veloudo’, ‘Pylaias’ and ‘Clemson’) harvested at different times after 
anthesis was described in Chapter 2. In the present chapter, this study is extended to 
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an examination of the effect of N application on the pod and seed characteristics of 
the same four okra cultivars in relation to sowing time. 
Sowing time is known to affect seed germination and seed hardness of okra, as 
well as seed and pod production (Yadav and Dhankar, 2001). Nonnecke, (1989) 
reported that different cultivars require different climatic condition as well as different 
sowing times; thus a good cultivar sown at an improper time will give poor yield. 
Ariyo (1987) evaluated sowing 15 okra genotypes in 5 different environments and 
found a significant environmental effect on plant height and performance. Similarly, 
in a study of 25 genotypes in West Africa, the season of planting was found to have a 
positive effect on pod yield via its influence on plant height, the number of branches 
and pod number (Alake et al., 2012), a result supported by Adetunji and Chheda 
(1989), Franco and Ortegn (1997) and Singh et al. (1986).  Apart from its effect on 
plant growth, sowing time may also affect seed quality because this characteristic is 
highly dependent on the climatic conditions during seed maturation. Rapid drying of 
seeds under high temperatures and low R.H. leads to an increase in the formation of 
hard seeds with a concomitant reduction in germination and therefore seed quality 
(Demir, 1997; 2001). 
As discussed in Chapter 2, the rate of N application has a significant effect on 
okra growth (Humayun Khan et al., 2000; Manga and Mohammed, 2006), pod 
number and weight (Uwah et al., 2010; Rekoumi et al., 2011) and therefore seed yield 
(Chattopadhyay and Sahana, 2000; Uddin et al., 2006).  Moreover, increasing N rates 
increase seed germination, as reported for sunflower (Ujjinaiah, 1985) and okra 
(Moniruzzaman and Quamruzzaman, 2009) and supported by the results presented in 
Chapter 2 of this thesis, but not by Anjum and Amjad (1999) and Sajid et al. (2012). 
The aim of the present experiment was to examine the effect of both the above 
factors (N application and sowing time) on the pod and seed characteristics of okra 
cultivated during the summer in Thessaly and thus supplement the information 
already gained from the study reported in Chapter 2. 
 
Material and Methods 
Experimental conditions 
The present study was carried out at the Experimental Farm of the University of 
Thessaly during the growing season of 2012. The sand, silt and clay content of the 
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experimental site were 47, 30 and 23%, respectively. The soil pH was 7.7-8.1 and the 
organic matter content was 1.3g/100g soil. 
 
Plant material, treatments and data collection 
Seeds of four okra cultivars (‘Boyatiou’, ‘Veloudo’, ‘Pylaias’ and ‘Clemson’) were 
sown in seed trays on 13 May (1st sowing) and 2 June (2nd sowing) and held under 
controlled temperature (20oC) until field transplantation. Plants were transplanted on 
2 June and 22 June for the first and second sowings respectively, when the plants had 
3-4 true leaves. Plants were placed in rows with 1 m between each row and 30 cm 
between plants within the rows. The plants were irrigated regularly on a weekly basis 
via a drip irrigation system. Fertilizers were applied manually at regular intervals at a 
dose of 0.5 L per plant. P and K were applied at a constant concentration of 150 mg L-
1, while N was applied at three levels: 150 mg L-1 (F1 or control), 300 mg L-1 (F2) and 
450 mg L-1 (F3). Side shoots were not removed and the total flower induction per 
plant and the number of pods set per plant (i.e. on the main stem and side shoots) 
were recorded.  
The pods were harvested from plants at 30-50 days after anthesis (DAA), 
starting from 10 July (1st sowing) and 1 August (2nd sowing). For each harvest time, 5 
pods were randomly selected and pod length (including the beak, but not the 
peduncle), pod diameter, the average number of seeds per pod and 100-seed weight 
recorded. Since the effect of N application in relation to harvest time (i.e. days from 
anthesis) is presented in Chapter 2, in the present experiment the pods that were 
harvested at different DAA were pooled and the results presented with respect to 
sowing time and N level. The date of final harvest was 30 October (1st sowing) and 15 
October (2nd sowing). 
Plant height was recorded as the mean height of 4 plants at the end of the 
experiment. To estimate seed yield, two intact plants were harvested from the middle 
of each plot (the second row in each plot), the seeds were extracted and the yield was 
calculated. Seeds were stored in room temperature. About 1 month after initial 
germination test, seeds of each variety took for acid scarification test.    
For acid scarification, seeds were randomly selected from pooled batches in 
parallel with those used in the germination test and immersed in sulphuric acid (96%) 
for 20 min and after that washed with running water several times. For neutralization 
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of the acid, seeds were dipped in a solution of NaHCO3 (10%) for 30 seconds and 
finally washed several times and drained. 
For seed priming, salt solutions (NaCl) were prepared at concentrations of 4 and 
8 % in which 10 g of seeds were soaked for 12 or 24 h. After priming, the seeds were 
removed from the solutions, rinsed in running tap water and shade dried (Nirmala and 
Umarani, (2008).  
Seed germination, seed moisture content as well as the evaluation of hard seeds 
was measured as described in chapter 2.  
 
Statistical analysis 
The experiment was laid out in a Randomized Complete Block design with a factorial 
arrangement using three replications (blocks) with, 12 plots per block (totally 36 
plots) and 10 plants per plot. (See table 1 in chapter 2 for field plan of the 
experiment).  
Statistical analysis was carried out using an SAS statistical package software (SAS 
Institute Inc., USA) and the means were compared by employing the least significant 
difference (LSD) test at p<0.05. Graphs were generated using Microsoft Excel 
software (Microsoft Corporation, USA). 
 
Results 
Climatic conditions during the growth cycle of the plants 
During the propagation stage within the greenhouse, plants were exposed to high 
humidity (90-95%) and moderate temperatures (20+5οC). On transplantation to the 
field, however, the temperature increased to a maximum in July and then 
subsequently decreasing.  From June to August there was virtually no rainfall and 
mean air R.H. fell to as low as 40% during July (Figure 1). It is therefore clear that 
during this period, flower induction, pod set and maturation occurred under conditions 
of low R.H. and high temperature. Additionally, since harvesting of the plants of the 
1st sowing started 3 weeks earlier than that of the 2nd sowing (10 July and 1 August, 
respectively), the pods and seeds of the early harvests of the 1st sowing clearly 
matured under hotter, drier conditions than the corresponding pods of the 2nd sowing. 
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Fig 1. Climatic features of the experimental site during the cultivation period 2012 
(arrows show the duration of pod harvest, blue arrow shows the starting pod 
harvesting at 1st sowing (38 days after transplanting) and green arrow shows the 
starting pod harvesting for 2nd sowing (39 days after transplanting).  
 
Table 1 - The effect of sowing time on flower induction and pod set. 
 
Cultivar Sowing time 
Total flower 
induction 
(flowers/plant)
Pod set 
(pods/plant)
Aborted 
flowers 
S1 26.3b 22.0b 4.3 ‘Boyiatiou’ S2 35.9a 30.8a 5.1 
Mean 31.1 26.4 3.7 
LSD 2.8 2.9  
S1 29.5a 22.8a 6.7 ‘Veloudo’ S2 27.5a 22.6a 4.9 
Mean 28.5 22.7 5.8 
LSD 2.6 2.6  
S1 28.2b 20.7b 7.5 ‘Pylaias’ S2 41.7a 36.9a 4.8 
Mean 34.9 28.8 6.1 
LSD 3.5 3.1  
S1 44.0b 37.7b 6.3 ‘Clemson’ S2 50.5a 45.5a 5.0 
Mean 47.2 41.6 5.6 
LSD 4.4 4.6  
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
different letters differ significantly at P = 0.05. 
Two sowing dates namely 13 May (S1) and 2 June (S2). 
 
 132
Institutional Repository - Library & Information Centre - University of Thessaly
09/12/2017 05:56:24 EET - 137.108.70.7
  
Effect of sowing time and N fertilization on total flower induction 
Flower induction and pod set was significantly higher in the 2nd sowing than in the 1st 
sowing (Table 1). This difference presumably resulted from the variation in climatic 
conditions experienced by the plants from the two sowings during the reproductive 
stage. 
 
Table 2- The effect of N on flower induction and pod set. 
 
1st sowing 2nd sowing 
Cultivar (C) 
N 
level 
(ppm 
N) (F) 
Total flower 
induction 
(flowers/plant) 
Pod set 
(pods/plant) 
Aborted 
flowers 
Total flower 
induction 
(flowers/plant) 
Pod set 
(pods/plant) 
Aborted 
flowers 
F1 26.9a 21.4ab 5.5 37.1a 30.0b 7.1 
F2 21.5b 17.6b 3.9 38.2a 33.7a 4.5 ‘Boyiatiou’ 
F3 30.5a 27.0a 3.5 32.4b 28.7b 3.7 
Mean 26.3 22.0 4.3 35.9 30.8 5.1 
LSD 5.0 5.0  3.7 4.1  
F1 27.4b 20.5b 6.9 24.7b 19.3b 5.4 
F2 31.9a 25.4a 6.5 26.7ab 21.2b 5.5 ‘Veloudo’ 
F3 29.2ab 22.5ab 6.7 31.4a 27.2a 4.2 
Mean 29.5 22.8 6.7 27.6 22.5 5.0 
LSD 3.3 3.4  5.1 4.6  
F1 25.9b 18.7c 7.2 39.4b 34.3b 5.1 
F2 31.2a 23.3a 7.9 46.8a 42.0a 4.8 ‘Pylaias’ 
F3 27.5ab 20.0b 7.5 39.0b 34.5b 4.5 
Mean 28.2 20.6 7.5 41.7 36.9 4.8 
LSD 4.5 3.1  7.1 6.6  
F1 37.9b 30.2b 7.7 54.8a 48.3a 6.5 
F2 47.7a 41.5a 6.2 46.3a 41.9a 4.4 ‘Clemson’ 
F3 46.3a 41.4a 4.9 50.4a 46.1a 4.3 
Mean 43.9 37.7 6.2 50.5 45.4 5.0 
LSD 5.4 6.0 8.9 8.8 
C x F     
(C x F1) * * * * 
(C x F2) * * * * 
(C x F3) * * 
 
* * 
 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
different letters differ significantly at P = 0.05. 
*: statistically significant (p<0.05); ns: not significant. 
Three fertilizer levels, F1 (control):150 mg L-1 N, F2: 300 mg L-1 N, F3: 450 mg L-1 N. 
 
 
 In both sowings, flower induction and fruit set was higher in cv. ‘Clemson’ 
than in the other three cultivars, indicating that although it is an American cultivar, 
‘Clemson’ is well adapted to growth under the climatic conditions of Thessaly. 
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Increasing N application had a variable effect on flower induction and pod set in the 
four okra cultivars. In ‘Clemson’ increasing N in the 1st but not the 2nd sowing 
increased both flower induction and pod set. In both sowings, flower induction and 
pod set of ‘Pylaias’were highest at 300 mg N l-1 (F2), whereas in ‘Veloudo’ flower 
induction and pod set were highest in treatment F2 (1st sowing) and F3 (2nd sowing). 
In contrast, flower induction and pod set of ‘Boyiatiou’ were lowest (1st sowing) but 
highest (2nd sowing) in treatment F2. 
 
Effect of sowing time and N fertilization on pod dimensions 
Mean pod length was significantly higher in pods from the 2nd sowing in cv. 
‘Veloudo’, but lower in the other three cultivars. Similarly, mean pod diameter was 
higher in the 2nd sowing of ‘Veloudo’, but lower in ‘Clemson’ and unaffected by 
sowing time in ‘Boyiatiou’ and ‘Pylaias’ (Table 3). 
 
Table 3- The effect of sowing time on pod dimensions at maturity. 
 
Cultivar Sowing time 
Mean pod 
length         
(cm) 
Mean pod 
diameter 
(cm) 
S1 20.9a 2.2a ‘Boyiatiou’ S2 14.7b 2.1a 
Mean 17.8 2.1 
LSD 0.8 0.1 
S1 17.1b 1.6b ‘Veloudo’ S2 20.4a 2.1a 
Mean 18.7 1.8 
LSD 0.9 0.09 
S1 19.8a 2.1a ‘Pylaias’ S2 17.5b 2.0a 
Mean 18.6 2.0 
LSD 1.2 0.1 
S1 18.0a 2.2a ‘Clemson’ S2 16.1b 1.3b 
Mean 17.0 1.7 
LSD 0.8 0.1 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
different letters differ significantly at P = 0.05. 
Two sowing dates namely 13 May (S1) and 2 June (S2). 
 
 
Pod length and diameter varied with the genotype, but was not affected by the rate of 
N application in either sowing (Table 4). In the 1st sowing, cv. ‘Boyiatiou’ had the 
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highest mean pod length and cv. ‘Veloudo’ the shortest. In the 2nd sowing, however, 
this result was reversed. 
 
Table 4- The effect of N on pod length and diameter at maturity in relation to sowing 
time 
 
1st Sowing 2nd Sowing N level 
Cultivar (C) (ppm N) (F) Length (cm) Diameter 
(cm) 
Length (cm) Diameter 
(cm) 
F1 21.2a 2.2a 14.7a 2.1a 
F2 20.3a 2.0a 14.7a 2.2a ‘Boyiatiou’ 
F3 21.3a 2.3a 14.6a 1.9a 
Mean 20.9 2.1 14.6 2.0 
LSD 4.8 0.3 1.4 0.4 
F1 16.6a 1.5a 21.2a 2.2a 
F2 16.6a 1.5a 20.4a 2.1a ‘Veloudo’ 
F3 18.0a 1.6a 19.6a 2.0a 
Mean 17.0 1.5 20.4 2.1 
LSD 2.6 0.2 4.3 0.3 
F1 19.1a 1.9a 16.4a 1.9a 
F2 21.1a 2.1a 19.2a 1.9a ‘Pylaias’ 
F3 19.1a 2.1a 16.7a 2.0a 
Mean 19.7 2.0 17.4 1.9 
LSD 5.4 0.4 4.0 0.4 
F1 17.3a 2.1a 16.0a 1.3a 
F2 18.5a 2.1a 17.0a 1.3a ‘Clemson’ 
F3 18.1a 2.2a 15.3a 1.2a 
Mean 17.9 2.1 16.1 1.3 
LSD 3.3 0.5 2.8 0.1 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
different letters differ significantly at P = 0.05. 
Two sowing dates namely 13 May (S1) and 2 June (S2). 
Three fertilizer levels, F1 (control):150 mg L-1 N, F2: 300 mg L-1 N, F3: 450 mg L-1 N. 
 
 
Effect of sowing date and N fertilization on the number of seeds per pod and the 
mean 100 seed weight 
The number of seeds per pod was not affected by sowing time in ‘Boyiatiou’ and 
‘Pylaias’, but was significantly lower in the 2nd sowing of ‘Veloudo’ and ‘Clemson’ 
compared with the 1st sowing (Table 5). Seed size (100 seed weight) was lower in the 
2nd sowing of all cultivars except ‘Veloudo’ (Table 5). The highest number of seeds 
per pod was recorded in cv. ‘Clemson’, but at the expense of mean 100 seed weight, 
which was lower than in that of the other cultivars in both sowings. 
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The N application rate had no effect on the number of seeds per pod or the mean 100 
seed weight of any cultivar in either sowing (Table 6). 
 
 
Table 5- The effect of sowing time on the mean number of seeds per pod and mean 
100 seed weight. 
Cultivar Sowing time 
Mean number 
of seeds/pod 
Mean 100 
seed weight 
(g) 
S1 57.8a 21.6a ‘Boyiatiou’ S2 61.8a 17.7b 
Mean 59.8 19.6 
LSD 7.9 1.2 
S1 69.5a 19.4b ‘Veloudo’ S2 60.5b 21.5a 
Mean 65.0 20.4 
LSD 7.1 0.8 
S1 71.9a 20.7a ‘Pylaias’ S2 77.8a 18.8b 
Mean 71.8 19.7 
LSD 11.2 1 
S1 90.8a 19.0a ‘Clemson’ S2 85.5b 18.1b 
Mean 88.1 18.5 
LSD 11.3 0.8 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
different letters differ significantly at P = 0.05. 
Two sowing dates namely 13 May (S1) and 2 June (S2). 
 
 
 
Effect of sowing time and N fertilization on plant height and mean seed yield  
 
The plants of the 1st sowing were taller by the end of the experiment than those of the 
2nd sowing. However, this difference was largely due to the longer cultivation period 
of the 1st sowing (170 days from sowing) compared with the 2nd sowing (136 days 
from sowing). Plant height was lower in ‘Clemson’ than in the other cultivars (Table 
7). Seed yield, estimated from a small number of plants per plot, was highest in 
‘Veloudo’ and lowest in ‘Boyiatiou’. Sowing time had no effect on seed yield, except 
in ‘Veloudo’ where seed yield was lower in the 2nd sowing (Table 7). 
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 Table 6- The effect of N on the mean number of seeds per pod and mean 100 seed 
weight. 
1st sowing 2nd sowing 
Cultivar 
(C)  
N level 
(ppm N) 
(F) 
Mean number 
of seeds/pod 
Mean 100 
seed weight 
(g) 
Mean number 
of seeds/pod 
Mean 100 
seed weight 
(g) 
F1 58.0a 22.3a 61.6ab 17.7a 
F2 55.4a 20.4a 68.7a 17.7a ‘Boyiatiou’ 
F3 60.2a 22.0a 55.0b 17.7a 
Mean 57.8 21.5 61.7 17.7 
LSD 17.4 3 9.3 1.1 
F1 68.1a 19.4a 52.7a 21.9a 
F2 68.6a 19.1a 67.8a 21.1a ‘Veloudo’ 
F3 71.8a 19.7a 61.0a 21.3a 
Mean 69.5 19.4 60.5 21.4 
LSD 8.6 1.3 15.2 1.6 
F1 75.5a 19.9a 76.1a 18.1a 
F2 69.2a 20.6a 76.5a 19.3a ‘Pylaias’ 
F3 70.9a 21.6a 81.0a 19.1a 
Mean 71.8 20.7 77.8 18.8 
LSD 19.3 2.1 21.1 1.4 
F1 85.4a 18.8a 76.1a 18.4a 
F2 98.5a 18.6a 76.5a 18.3a ‘Clemson’ 
F3 88.6a 19.6a 81.0a 17.7a 
Mean 90.8 19.0 77.8 18.1 
LSD 22.6 1.6 21.1 1.3 
C x F     
(C x F1) * * * * 
(C x F2) * * ns * 
(C x F3) * * * * 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
different letters differ significantly at P = 0.05. 
Two sowing dates namely 13 May (S1) and 2 June (S2). 
Three fertilizer levels, F1 (control):150 mg L-1 N, F2: 300 mg L-1 N, F3: 450 mg L-1 N. 
 
 
There was no consistent effect of N application on plant height. In the 1st sowing, 
increasing N rates significantly increased the plant height of ‘Pylaias’ and ‘Clemson’ 
(both N rates), but only in F2 (300 mg N L-1) in ‘Boyiatiou’ and ‘Veloudo’ (Table 8). 
In the 2nd sowing, however, increasing N increased the plant height of ‘Boyiatiou’ and 
‘Veloudo’ but reduced that of ‘Pylaias’ and was without effect in ‘Clemson’. 
Similarly, the effect of N application on seed yield varied with cultivar. In ‘Veloudo’, 
seed yield was higher in the control (F1) than in F2 or F3, irrespective of sowing time 
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(Table 8). In contrast, in ‘Pylaias’, seed yield increased with increasing N in both 
sowings. In ‘Clemson’, seed yield was highest in treatment F2 (both sowings), 
whereas in ‘Boyiatiou’ seed yield was highest in F1 and F3 (1st sowing), but in F2 (2nd 
sowing). 
 
Table 7- The effect of sowing time on seed yield and plant height. 
 
Cultivar Sowing time 
Seed yield 
(kg/ha)  
Plant height 
(cm) 
S1 1017.7a 195.7a ‘Boyiatiou’ S2 847.1a 167.8b 
Mean 932.4 181.7 
LSD 200.9 20.0 
S1 1409.3a 211.6a ‘Veloudo’ S2 1038.0b 175.7b 
Mean 1223.6 193.6 
LSD 281.6 19.1 
S1 1101.9a 165.3a ‘Pylaias’ S2 1111.1a 147.2a 
Mean 1106.5 156.2 
LSD 252.6 22.5 
S1 1661.1a 141.5a ‘Clemson’ S2 1469.9a 117.2b 
Mean 1565.5 129.3 
LSD 222.2 12.0 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
different letters differ significantly at P = 0.05. 
Two sowing dates namely 13 May (S1) and 2 June (S2). 
 
 
Effect of sowing time and N fertilization on mean seed moisture content at 
harvest and mean percent germination  
Despite the differences in climatic conditions during part of the growth cycle of plants 
from the 1st and 2nd sowings, the mean moisture content of seeds at harvest was the 
same (Table 9). Overall, the moisture content of ‘Pylaias’ was slightly higher (mean 
of both sowings 38.4%) than the other cultivars (35.5-36.9%). With the exception of 
‘Veloudo’ (where no difference was detected), the mean germination of all the other 
cultivars was higher in seeds from the 2nd sowing compared with the 1st (Table 9). In 
‘Boyiatiou’ the difference in germination between seeds of the 1st and 2nd sowings 
was 30%, and approximately 20% in ‘Pylaias’ and ‘Clemson’. 
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Table 8- The effect of N on seed yield and plant height. 
1st sowing 2nd sowing 
Cultivar 
(C)  
N level 
(ppm N) 
(F) Seed yield (kg/ha) 
Plant 
height (cm)
Seed yield 
(kg/ha) 
Plant 
height (cm)
F1 1073.2a 190.0b 818.3b 151.0b 
F2 959.9b 210.0a 1168.2a 152.6b ‘Boyiatiou’ 
F3 1020.0ab 187.3b 554.9c 200.0a 
Mean 1017.7 195.7 847.1 167.8 
LSD 109.3 17.8 166.0 16.0 
F1 1713.2a 195.0b 1414.9a 150.0b 
F2 1206.6b 230.0a 976.0b 185.0a ‘Veloudo’ 
F3 1308.2b 210.0ab 723.3c 192.3a 
Mean 1409.3 211.6 1038.0 175.7 
LSD 245.8 17.3 96.7 17.8 
F1 918.2c 130.0b 713.3c 148.3a 
F2 1071.0b 183.6a 1230.0b 163.3a ‘Pylaias’ 
F3 1316.6a 182.5a 1390.0a 130.0b 
Mean 1101.9 165.3 1111.1 147.2 
LSD 96.5 17.5 103.0 16.2 
F1 1616.9b 127.6b 1240.0c 119.6ab 
F2 1936.5a 150.0a 1689.9a 126.0a ‘Clemson’ 
F3 1430.0b 156.3a 1479.9b 106.2b 
Mean 1661.1 144.6 1469.9 117.2 
LSD 195.7 24.9 154.7 17.0 
C x F     
(C x F1) * * * * 
(C x F2) * * * * 
(C x F3) * * * * 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
different letters differ significantly at P = 0.05. 
Two sowing dates namely 13 May (S1) and 2 June (S2). 
Three fertilizer levels, F1 (control):150 mg L-1 N, F2: 300 mg L-1 N, F3: 450 mg L-1 N. 
 
The rate of N application had no effect on the mean moisture content of the seeds of 
any cultivar in either sowing (Table 10). In the 1st sowing, the germination of 
‘Boyiatiou’ was particularly low in the control (37%, F1), but increased to 53-62% by 
N application at 300-450 mg N l-1.  In the 2nd sowing, however, the germination of 
‘Boyiatiou’ was high (>80%), irrespective of the N level. In ‘Clemson’ and ‘Pylaias’, 
N application had no effect on seed germination in either sowing, whereas in 
‘Veloudo’ germination was reduced at the highest N rate (F3) in the 1st sowing, but 
increased in the 2nd sowing. 
 
 
 139
Institutional Repository - Library & Information Centre - University of Thessaly
09/12/2017 05:56:24 EET - 137.108.70.7
Table 9- The effect of sowing time on seed moisture content at harvest and seed 
germination. 
Cultivar Sowing time 
Mean moisture 
content at harvest 
(%) 
Mean 
germination 
(%) 
S1 34.3a 51.0b ‘Boyiatiou’ S2 36.8a 81.5a 
Mean 35.5 66.2 
LSD 9.5 6.8 
S1 34.0a 74.1a ‘Veloudo’ S2 39.8a 71.5a 
Mean 36.9 72.8 
LSD 9.8 6.7 
S1 36.1a 63.3b ‘Pylaias’ S2 40.8a 85.2a 
Mean 38.4 74.2 
LSD 9.7 6.6 
S1 33.5a 73.9b ‘Clemson’ S2 38.8a 94.9a 
Mean 36.1 84.4 
LSD 9.4 5.8 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
different letters differ significantly at P = 0.05. 
Two sowing dates namely 13 May (S1) and 2 June (S2). 
 
 
 The low level of germination of ‘Boyiatiou’ (and to a lesser extent ‘Veloudo’) 
in the 1st sowing was mainly due to the presence of a large percentage of hard seeds, 
whereas in the 2nd sowing the incidence of hard seeds was lower (Table 10). In 
‘Clemson’ and ‘Pylaias’, the percentage of hard seeds was also lower in the 2nd 
sowing and the percent germination proportionally higher. 
 
Seed germination following storage, scarification and priming 
Storage of the seeds for 6 months at room temperature decreased the incidence of seed 
hardness in all cultivars harvested from the 1st sowing (Fig. 2A), thereby leading to an 
increase in germination and therefore seed quality. A similar decrease in seed 
hardness following the storage of seeds from the 2nd sowing was observed in 
‘Boyiatiou’ (which is the most prone to hardseed cultivar), but not in the other 
cultivars (Fig. 2B). In contrast, acid scarification (that has been done on seeds that 
stored for about 1 month) resulted in a large decrease in the percentage of hard seeds 
in all cultivars (but especially ‘Boyiatiou’) irrespective of sowing time (Fig 2A, B). 
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 Table 10-The effect of N application on seed moisture content at harvest and seed 
germination in relation to sowing time. 
1st sowing 2nd sowing 
Cultivar 
(C) 
N level 
(ppm 
N)  (F) 
Mean 
moisture 
content at 
harvest 
(%) 
Mean 
germinati
on (%) 
Seed 
hardness (%) 
Mean 
moisture 
content at 
harvest 
(%) 
Mean 
germination 
(%) 
Seed 
hardness (%) 
F1 33.2a 37.1b 38.5 35.6a 80.5a 15.3 
F2 34.3a 62.4a 31.4 40.3a 83.0a 11.3 
‘Boyiatiou
’ F3 35.3a 53.5a 24.6 34.3a 81.2a 13.7 
Mean 34.2 51.0 31.5 36.7 81.5 13.4 
LSD 17 15.1  17.4 6.5  
F1 33.6a 78.5a 19.6 41.2a 60.2b 14.3 
F2 33.9a 79.0a 17.5 38.1a 72.3ab 8.6 ‘Veloudo’ 
F3 34.6a 64.9b 25.6 40.2a 81.9a 5.0 
Mean 34.0 74.1 20.9 39.8 71.4 9.3 
LSD 17.4 10.1  18.5 12.6  
F1 36.3a 72.4a 14.6 39.2a 85.4a 6.0 
F2 36.4a 50.3b 21.8 44.0a 81.8a 11.6 ‘Pylaias’ 
F3 35.6a 67.4a 20.6 39.4a 88.4a 7.9 
Mean 36.1 63.3 19.0 40.8 85.2 8.5 
LSD 17.6 12.9  17.7 9.3  
F1 32.6a 68.0a 9.0 38.6a 94.7a 2.0 
F2 33.7a 76.9a 7.0 41.1a 95.8a 3.0 ‘Clemson’ 
F3 34.2a 76.7a 4.4 36.8a 94.3a 1.0 
Mean 33.5 73.8 6.8 38.8 94.9 2.0 
LSD 17.7 13.5 16.7 4.3 
C x F     
(C x F1) ns * ns * 
(C x F2) ns * ns * 
(C x F3) ns * 
 
* 
 
ns 
Mean separation by LSD test. Mean values for each cultivar separately in the same column followed by 
different letters differ significantly at P = 0.05. 
Two sowing dates namely 13 May (S1) and 2 June (S2). 
Three fertilizer levels, F1 (control):150 mg L-1 N, F2: 300 mg L-1 N, F3: 450 mg L-1 N. 
 
Seed priming with NaCl also improved the percent germination of seeds of all 
cultivars from the 1st sowing (Fig. 3A), but only in ‘Veloudo’ in the 2nd sowing (Fig. 
3B). In ‘Boyiatiou’, priming may have reduced seed hardness in seeds from the 1st 
sowing, since the improvement of germination occurred at both NaCl concentrations 
and both incubation times. Generally, in the 1st sowing, the best priming treatment 
was that of 8% NaCl for 12 hours (‘Boyiatiou;, ‘Veloudo’, ‘Pylaias’) or either 4% or 
8% NaCl for 12 hours (‘Clemson’). In seeds from the 2nd sowing, priming with 8% 
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NaCl for 12 h caused no significant effect on germination (except for an increase in 
‘Veloudo’), but when this treatment was extended to 24 h germination was reduced. 
 
0
5
10
15
20
25
30
35
B
oy
ia
tio
u
B
oy
ia
tio
u
V
el
ou
do
V
el
ou
do
P
yl
ai
as
P
yl
ai
as
C
le
m
so
n
C
le
m
so
n
1st
sowing 
2nd
sowing
1st
sowing 
2nd
sowing
1st
sowing 
2nd
sowing
1st
sowing 
2nd
sowing
Initially hard seed (%)
Hard seed (%) after six months
Hard seed (%) after using H2SO4
 
Figure 2. The effect of storage and acid scarification on the percentage of hard seeds 
from two sowing time. 
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Figure 3. Influence of concentration and duration of NaCl priming on the germination 
of okra seeds from (A) the 1st sowing and (B) the  Boyiatiou 2nd sowing. 
 
Discussion 
 
Effect of sowing time on okra seed production 
Although the difference in the dates of sowing was only 20 days, there was 
nevertheless a significant effect of sowing time on flower induction and pod set, both 
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of which were higher in the later sowing (2 June) than in the early one (13 May). This 
effect appeared to result from the different climatic conditions during the early stages 
of flowering and pod development. Thus, in the 1st sowing the first pods to be set 
developed and matured during a period of high temperature and very low humidity 
(June-July), whereas in the 2nd sowing temperatures were high, but R.H. increased 
(July-August) (Fig. 1). Flower induction and pod set was significantly higher in the 
2nd sowing than in the 1st sowing. This difference did not arise from a variation in 
flower/pod abortion, but presumably resulted from the effect of climatic conditions on 
flower induction. Flowering and pod set in okra are known to be favoured by short 
photoperiods (Nwoke, 1986), but Greek cultivars are considered to be day neutral 
(Koutsos, 2009). Pod abortion is known to be caused by pathogens (Adebanjo and 
Dede, 1985), but since okra is largely self-pollinated, even before anthesis (Dhingra, 
2009), fertilization of the ovules is usually successful even at high temperatures 
(Bhatt and Srinivasa Rao, 2009).  In both sowings, flower induction and fruit set was 
higher in the imported American cv. ‘Clemson spineless’ than in the three Greek 
cultivars. This result indicates that ‘Clemson’ is well adapted to growth under the hot, 
dry climatic conditions of Thessaly. 
Mean pod length and diameter was significantly higher in pods from the 2nd 
sowing in cv. ‘Veloudo’, but was either lower or unaffected in the other cultivars. Pod 
length and diameter are known to be genetically determined (Raji, 1994) and since 
pods for seed production are harvested at maturity, the effect of environmental 
conditions on pod size is relatively small. The number of seeds per pod was not 
affected by sowing time in ‘Boyiatiou’ and ‘Pylaias’, but was significantly lower in 
the 2nd sowing of ‘Veloudo’ and ‘Clemson’ than in the 1st sowing. Seed size (100 seed 
weight) was lower in the 2nd sowing of all cultivars except ‘Veloudo’. The highest 
number of seeds per pod was recorded in cv. ‘Clemson’, but the corresponding mean 
100 seed weight was lower due to greater competition for nutrients. 
The plants of the 1st sowing were taller than those of the 2nd sowing. However, 
this difference was primarily due to the longer cultivation period of the 1st sowing 
(170 days from sowing) compared with the 2nd sowing (136 days from sowing), rather 
than to the climatic differences between the two sowings. Plant height was also 
affected by genotype, being lower in ‘Clemson’ than in the other cultivars. It is known 
that there is a strong temperature interaction with leaf area, whereas plant height is 
relatively unaffected by temperatures, provided they are not excessive (Arulrajah and 
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Ormrod, 1973). Seed yield, estimated from a small number of plants per plot, was 
highest in ‘Veloudo’ and lowest in ‘Boyiatiou’. Sowing time had no effect on seed 
yield, except in ‘Veloudo’ where seed yield was lower in the 2nd sowing. In other 
studies, okra growth, pod set and seed yield have been shown to be influenced by 
sowing time. In most cases, however, sowing times differed greatly (e.g. different 
seasons) (Alake et al., 2012; Adetunji and Chheda, 1989; Franco and Ortega, 1997; 
Singh et al., 1986), whereas here the sowing times were only 20 days apart. 
Despite the differences in climatic conditions during the early part of the 
growth cycle of plants from the 1st and 2nd sowings, the mean moisture content of 
seeds at harvest was the same. Overall, the moisture content of ‘Pylaias’ was slightly 
higher (mean of both sowings 38.4%) than the other cultivars (35.5-36.9%), 
indicating a genotypic difference in the rate of drying of seeds during maturation 
(Demir, 1997; 2001). With the exception of ‘Veloudo’ (where no difference was 
detected), the mean germination of all the other cultivars was higher in seeds from the 
2nd sowing compared with the 1st. This result apparently derived from the relatively 
higher R.H. during the early phases of the 2nd sowing, which led to a lower incidence 
of hard seeds. It is known that within Greece, seeds harvested during autumn (high 
R.H.) have a higher percent germination than those harvested during the summer (low 
R.H.), especially in cultivars susceptible to seed hardness (Passam et al., 1998). This 
was confirmed here in the case of ‘Boyiatiou’ (susceptible to seed hardness) where 
the difference in germination between seeds of the 1st and 2nd sowings was 30%. 
 
 
Effect of N application on okra seed production 
Increasing N application had a variable effect on flower induction and pod set in the 
four okra cultivars, whereas pod size (length and diameter) varied with the genotype, 
but was not affected by the rate of N application in either sowing. Additionally, there 
was no effect of N application rate on the number of seeds per pod or the mean 100 
seed weight of any cultivar in either sowing. 
There was no consistent effect of N application on plant height. In the 1st 
sowing, increasing N rates significantly increased the plant height of ‘Pylaias’ and 
‘Clemson’ (both N rates), but only in F2 (300 mg N L-1) in ‘Boyiatiou’ and 
‘Veloudo’. In the 2nd sowing, however, increasing N increased the plant height of 
‘Boyiatiou’ and ‘Veloudo’ but reduced that of ‘Pylaias’ and was without effect in 
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‘Clemson’. Similarly, the effect of N application on seed yield varied with cultivar. In 
‘Veloudo’, seed yield was higher in the control (F1) than in F2 or F3, irrespective of 
sowing time. In contrast, in ‘Pylaias’, seed yield increased with increasing N in both 
sowings. In ‘Clemson’, seed yield was highest in treatment F2 (both sowings), 
whereas in ‘Boyiatiou’ seed yield was highest in F1 and F3 (1st sowing), but in F2 (2nd 
sowing
nder periods of 
 
hapter 2 of this thesis, but not by Anjum and Amjad (1999) and Sajid et al. (2012). 
r), 
but not
nd be 
recommended as a standard pre-sowing treatment (Passam and Polyzou, 1997). 
). 
The rate of N application had no effect on the mean moisture content of the 
seeds of any cultivar in either sowing. In the 1st sowing, the germination of 
‘Boyiatiou’ was particularly low in the control (37%, F1), but increased to 53-62% by 
N application at 300-450 mg N l-1.  In the 2nd sowing, however, the germination of 
‘Boyiatiou’ was high (>80%), irrespective of the N level. This result indicates that 
high N levels may reduce seed hardness in ‘Boyiatiou’, particularly u
high temperature and low R.H., as reported by Rekoumi et al. (2003).  
 As discussed in Chapter 2, the rate of N application has a significant effect on 
okra growth (Humayun Khan et al., 2000; Manga and Mohammed, 2006), pod 
number and weight (Uwah et al., 2010; Rekoumi et al., 2011) and therefore seed yield 
(Chattopadhyay and Sahana, 2000; Uddin et al., 2006).  Moreover, increasing N rates 
may increase seed germination, as reported for sunflower (Ujjinaiah, 1985) and okra 
(Moniruzzaman and Quamruzzaman, 2009) and supported by the results presented in
C
 
The effect of storage, scarification and priming on seed germination 
Storage of the seeds for 6 months at room temperature decreased the incidence of seed 
hardness in all cultivars harvested from the 1st sowing (Fig. 2A), thereby leading to an 
increase in germination. The minimum acceptable germination ability for okra seed is 
65% (FEK, 2000), which means that ‘Boyiatiou’ and ‘Pylaias’ from the 1st sowing 
and N levels F1 + F3 (‘Boyiatiou’) and F2 (‘Pylaias’) did not meet the required 
standard unless seeds were first stored for 6 months, or scarified with acid, or primed 
with NaCl. A similar decrease in seed hardness following the storage of seeds from 
the 2nd sowing was observed in ‘Boyiatiou’ (which is the most susceptible cultiva
 in the other cultivars (Fig. 2B) because the level of seed hardness was low. 
Acid scarification significantly decreased the percentage of hard seeds in all 
cultivars (but especially ‘Boyiatiou’) irrespective of sowing time (Fig 2A, B) a
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Seed priming with NaCl also improved the percent germination of seeds of all 
cultivars from the 1st sowing (Fig. 3A), presumably as a result of reduced seed 
hardness, but only in ‘Veloudo’ in the 2nd sowing (Fig. 3B). In the 1st sowing, the best 
priming treatment was that of 8% NaCl for 12 hours (‘Boyiatiou’, ‘Veloudo’, 
‘Pylaias’) or either 4% or 8% NaCl for 12 hours (‘Clemson’). In a similar experiment, 
Nirmala and Umarani (2008) proposed 3% NaCl as the most suitable osmoticant for 
okra seed priming. 
 
Conclusions 
 
Although the difference in sowing times was only 20 days, the later sowing (2 June) 
improved flower induction and pod set of okra, but without affecting pod size. The 
number of seeds per pod was not affected by sowing time, but mean 100 seed weight 
was generally lower in the 2nd sowing. The main effect of sowing time related to seed 
germination. In all cultivars, except ‘Veloudo’ germination increased in the 2nd 
sowing mainly as a result of lower seed hardness. Germination was also improved by 
increasing N levels, or by seed storage, acid scarification or seed priming. The 
improvement in germination is a major quality parameter for okra seed production. 
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Chapter 8 
 
The effect of chlormequat chloride (CCC) on pod set, pod size and seed 
characteristics of four okra cultivars harvested at different times after flowering 
 
 
Abstract 
The aim of the present study was to examine the effect of chlormequat chloride 
(CCC) application on the pod production and seed characteristics of four okra 
cultivars in relation to harvest time. The study was carried out during the growing 
season of 2012. Seeds of four okra cultivars (‘Boyatiou’, ‘Veloudo’, ‘Clemson’ and 
‘Pylaias’) were sown in seed trays and transplanted to the field at the stage of 3-4 true 
leaves. The experimental treatments were three CCC levels (750 mg l-1, 2500 mg l-1 
and 0 mg l-1) and four harvest times (30-35-40 and 50 DAA). The results showed that 
the application of CCC had no effect on the percentage of seed germination (except 
‘Veloudo’ at 2500 mg l-1), irrespective of CCC concentration and cultivar. However, 
there was an indication (not tested statistically) that CCC reduced the number of hard 
seeds in all cultivars except ‘Boyiatiou’. CCC had no significant effect on seed 
moisture content, flower induction and pod set in any of the four cultivars, as well as 
little or no effect on pod length and diameter or the number of seed per pod and 100 
seed weight. The application of CCC (both at 750 mg l-1 and 2500 mg l-1) increased 
the seed yield of all cultivars except ‘Clemson’, although in ‘Veloudo’ and ‘Pylaias’ 
seed yield was higher at 750 mg l-1 than at 2500 mg l-1. Moreover, in all cultivars 
CCC at both concentrations reduced plant height, although in ‘Pylaias’ this effect was 
observed only at the higher concentration (2500 mg l-1).  
 
Introduction 
CCC is a growth regulator that is particularly effective in reducing plant height. This 
is an important factor for okra crops where normal plant height may exceed 2 m, thus 
making manual work difficult. Chlormequat or chlorocholine chloride (2-
chloroethyltrimethyl-ammonium chloride, CCC) is an anti-gibberellin growth 
retardant (Sharma et al., 1998) that inhibits both cell division and cell elongation 
(Bode and Wild, 1984). The application of CCC to plants represses the growth of 
stems, leaves and stolons, but improves photosynthetic capacity by increasing leaf 
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chlorophyll content (Huiqun et al., 2009). CCC finds application in a wide range of 
crops, including the production of dwarf ornamentals and flowering plants (Savvas, 
2003). Experimental studies have shown that CCC significantly increased yield 
(Shul’-gina and Ledovskii, 1978) and seed germination (Irulappan and 
Muthukrishnan, 1973) in tomato. It also reduced the plant height of cotton 
(Gossypium hirsutum), but the number of bolls per plant and average boll weight 
increased (Shriram and Prasad, 2001). ). Kanade et al. (2002) reported that CCC 
increased the number of capsules per plant, 1000-seed weight and number of seeds 
per capsule of safflower (Carthamus tinctorius L.), while Raut and Sabale (2003) 
concluded that CCC increased pod number per plant, grain number per plant and 
1000-grain weight of chickpea (Cicer arietinum L.). 
In okra, El Beheidi (1979) found that seedling emergence (71.5%) was 
improved by CCC plus proline, while Rana et al. (2002) observed that seed yield and 
germination were improved by CCC alone.  Mehrotra et al. (1970) reported that CCC 
at 500 ppm increased yield and fruit length of okra, but doubling the concentration 
(1000 ppm) had a deleterious effect on yield. Abdul et al. (1983) observed a 
remarkable reduction in plant height of okra by applying CCC (250-1000 ppm) at the 
3 to 4 leaf stage, while Sajjan et al. (2003) reported that the seed yield of okra was 
increased by CCC (200 ppm) application.  
In another study, CCC (50-500 ppm) and NAA (5-25 ppm), applied as a foliar 
spray, hastened the flowering of okra (Aroua et al., 1990), while in an experiment to 
study the effect of irrigation and CCC (250-750 ppm) on the growth and yield of okra, 
it was concluded that plants treated with CCC at 750 ppm exhibited the lowest height 
and the highest number of fruits per plant (Rathod and Patel, 1996). CCC has also 
been reported to increase pod size (Shukla and Tiwari, 1973), increase the number of 
pods per plant (Gowda, 1983; Patel and Singh, 1991; Rathod and Patel, 1996) and 
reduce plant height (Zayed et al., 1985) in okra. 
The aim of this research was to evaluate the effect of CCC on the pod and seed 
yield characteristics of four okra cultivars in relation to harvest time. 
  
Material and Methods 
Experimental conditions 
The present study was carried out at the Experimental Farm of the University of 
Thessaly during the growing season of 2012. The sand, silt and clay content of the 
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experimental site were 47, 30 and 23%, respectively. The pH was 7.7-8.1 and the 
organic matter content was 1.3g/100g soil. Climatic conditions at the experimental 
site are given in Fig. 1.  
 
Plant material, treatments and data collection 
Due to prevailing low temperatures, seeds of four okra cultivars (‘Boyatiou’, 
‘Veloudo’, ‘Pylaias’ and ‘Clemson’) were sown in seed trays on 13 May and retained 
under a controlled environment (20oC and 68.5% R.H.) until field transplantation at 
the 3-4 true leaf stage 20 days after sowing (2 June).  Plants were spaced at a distance 
of 1 m between rows and 30 cm between plants within the rows. The total area was 
200 m2. The crop was irrigated regularly on a weekly basis with a drip irrigation 
system. Chlormequat chloride (CCC) was provided by BASF S.E., Germany and 
applied to the whole plant by a hand sprayer at the following levels: C1= 750 mg l-1 
C2= 2500 mg l-1 C3= 0 mg l-1 (water, control). Plants were sprayed twice: first at a 
plant height of 60cm, then at 90 cm. The data were recorded as the production of total 
flowers, the number of pod set per plant, pod length and diameter. The pods were 
harvested at 30, 35, 40 and 50 DAA (days after anthesis). 
First anthesis was recorded 30 DAT (days after transplantation) and from then 
on each flower was recorded and tagged on a daily basis. The pods were harvested 
from three positions on the plant (upper, middle and lower regions) and the data were 
recorded as the average number of seeds per pod and 100-seed weight. After harvest, 
the seeds were extracted from the pods and dried at room temperature, and then their 
moisture content (%) was estimated (ISTA, 2009). Plant height was recorded as the 
mean height of 4 plants at the end of the experiment (30 September, i.e. 165 days after 
sowing). To estimate seed yield, two intact plants were harvested from the middle of 
each plot (the second row in each plot), the seeds were extracted and the yield was 
calculated.     
For acid scarification, seeds were randomly selected from pooled batches in 
parallel with those used in the germination test and immersed in sulphuric acid (96%) 
for 20 min and after that washed with running water several times. For neutralization 
of the acid, seeds were dipped in a solution of NaHCO3 (10%) for 30 seconds and 
finally washed several times and drained. 
For seed priming, salt solutions (NaCl) were prepared at concentrations of 4 and 
8 % in which 10 g of seeds were soaked for 12 or 24 h. After priming, the seeds were 
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removed from the solutions, rinsed in running tap water and shade dried (Nirmala and 
Umarani, (2008).  
Seed germination, seed moisture content as well as the evaluation of hard seeds 
was measured as described in chapter 2.  
 
Statistical analysis 
The experiment was laid out in a Randomized Complete Block design with a factorial 
arrangement using three replications (blocks) with, 12 plots per block (totally 36 
plots) and 10 plants per plot. (See table 1 in chapter 2 for field plan of the 
experiment).  
Statistical analysis was carried out using an SAS statistical package software (SAS 
Institute Inc., USA) and the means were compared by employing the least significant 
difference (LSD) test at p < 0.05. Graphs were generated using Microsoft Excel 
software (Microsoft Corporation, USA). 
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Fig 1. Climatic features of the experimental site during the cultivation period 2012 
(arrows show the duration of pod harvest, started at 45 days after transplanting).  
 
Results 
Climatic changes during cultivation 
Although at the propagation stage plants experienced a constant temperature (20oC) 
and R.H. (68.5%), once they were transplanted to the field (2 June) average humidity 
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fell to around 50% and only increased to 60% in September. Mean maximum 
temperatures within the field ranged from 30-37oC throughout the growing period 
(June-September), while mean minimum temperatures for the same period were about 
16-22oC (Fig. 1). Thus, for growth, fruit set and maturation during the early-middle 
stages of the crop, humidity tended to be low and temperatures high (encouraging 
rapid drying of the seeds and pods at maturity), whereas in the later stages 
temperatures were lower and humidity higher, resulting in a lower rate of seed and 
pod drying at maturity. 
 
Effect of CCC on seed germination 
With the exception of ‘Veloudo’, where 2500 ppm CCC appeared to increase 
germination, there was no overall effect of CCC on seed germination at either CCC 
level (Table 1). When germination was examined in relation to harvest time, the effect 
of CCC varied with cultivar. For example, in Clemson germination of seeds harvested 
at 30-35 DAA was highest in the 750 mg CCC L-1 treatment (C1), while at later 
harvests (40-50 DAA) there was no effect of CCC on germination. In Pylaias, seed 
germination was adversely affected by CCC (C1) at 35 DAA, positively affected at 50 
DAA, but with no difference at 30 and 40 DAA. Finally, in Boyiatiou CCC affected 
germination positively at 40 DAA (C1 and C2) and 35 DAA (C2), whereas in Veloudo 
there was no consistent effect of CCC on germination over the four harvest times 
(Table 2). 
 Overall, the germination of seeds harvested 30 DAA was low in all cultivars: 
30% in ‘Clemson’, 11-13% in ‘Pylaias’ and ‘Veloudo’ and only 5.5% in ‘Boyiatiou’. 
The lack of germination presumably related to embryo immaturity, since at 35 DAA 
germination was over 80% in all cultivars except ‘Pylaias’ (Table 2). Whereas the 
percent germination of ‘Clemson’ and ‘Pylaias’ was high for seeds harvested 40-50 
DAA (90-97%), in ‘Boyiatiou’ and to a lesser extent ‘Veloudo’ germination 
decreased owing to the formation of hard seeds (24% hard seeds in ‘Boyiatiou’ and 
15% in ‘Veloudo’ at 50 DAA, compared with <5% in the other two cultivars) (Table 
2). 
 
Effect of CCC on variety seed moisture content 
Overall, CCC did not affect the seed moisture content (Table 1). Similarly, when 
moisture content was recorded in relation to harvest time, an effect of CCC on seed 
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moisture content was observed only in ‘Boyiatiou’ at 35 and 40 DAA, where the 
highest moisture content occurred in treatment C1 (Table 2). ` 
 
Table 1.The effect of CCC on seed moisture content at harvest and seed germination. 
[data for whole plant] 
Cultivar 
 (C) 
CCC 
(ppm) 
(C) 
Mean moisture content at 
harvest (%) 
Mean germination     
(%) 
C1 39.3a 54.5a 
C2 36.9a 49.0a ‘Boyiatiou’ 
C3 34.9a 44.0a 
Mean 37.0 49.1 
LSD 17.9 16.5 
C1 36.0a 73.5ab 
C2 36.1a 82.9a 
 
‘Veloudo’ 
C3 35.5a 64.5b 
Mean 35.8 73.6 
LSD 17.8 12.0 
C1 34.4a 78.4a 
C2 35.9a 75.1a ‘Pylaias’ 
C3 36.4a 73.4a 
Mean 35.5 75.6 
LSD 18.0 13.3 
C1 34.1a 84.0a 
C2 35.3a 76.8a 
 
‘Clemson’ 
C3 34.5a 75.7a 
Mean 34.6 78.8 
LSD 17.2 12.3 
         C x C 
(C x C1) ns * 
(C x C2) ns * 
(C x C3) ns * 
Mean separation by LSD test. Mean values for each cultivar in the same column followed by different 
letters differ significantly at P = 0.05. 
*: statistically significant (p<0.05); ns: not significant. 
C1= 750 mg L-1 CCC; C2= 2500 mg L-1 CCC; C3= 0 mg L-1 CCC (control).
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Table 3- The effect of CCC on flower induction and pod set. [data for whole plant] 
Cultivars   
(C) 
CCC 
(ppm) (C)
No.  
flowers/plant 
No.  
pods/plant 
C1 25.7a 21.9a 
C2 24.0a 20.6a ‘Boyiatiou’ 
C3 25.6a 21.8a 
Mean 25.1 21.4 
LSD 2.9 2.8 
C1 30.0a 26.5a 
C2 32.5a 28.8a 
 
‘Veloudo’ 
C3 33.4a 29.3a 
Mean 31.9 28.2 
LSD 4.9 4.9 
C1 33.6a 29.1a 
C2 29.4a 24.5a 
 
‘Pylaias’ 
C3 33.3a 29.1a 
Mean 32.1 27.5 
LSD 5.9 5.9 
C1 43.7a 39.3a 
C2 50.3a 46.0a 
 
‘Clemson’ 
C3 46.9a 42.5a 
Mean 46.9 42.6 
LSD 8.6 8.7 
            C x C 
(C x C1) * * 
(C x C2) * * 
(C x C3) * * 
Mean separation by LSD test. Mean values for each cultivar in the same column followed by different 
letters differ significantly at P = 0.05. 
*: statistically significant (p<0.05); ns: not significant. 
C1= 750 mg L-1 CCC; C2= 2500 mg L-1 CCC; C3= 0 mg L-1 CCC (control). 
 
Effect of CCC on flower induction and pod set 
Although no significant differences in flower induction were observed between the 
CCC application levels, there were significant interactions between CCC levels and 
cultivars (Table 3).  Similarly, the number of pods per plant did not vary with CCC 
level, irrespective of cultivar, but an interaction of CCC levels and cultivars was 
observed (Table 3). 
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Effect of CCC on pod length and diameter 
Pod length and diameter were not significantly affected by CCC at either level in 
‘Veloudo’ and ‘Clemson’, but there was a reduction in pod length in C1 compared 
with the control (C3) in ‘Boyiatiou’ and ‘Pylaias’ as well as in diameter (C2 compared 
with C3) in ‘Pylaias’ (Table 4). The reduction in pod length of ‘Boyiatiou’ occurred 
only at 35 DAA, but in all other cases pod length and diameter recorded for pods 
harvested at different days after anthesis was not significantly influenced by CCC 
application (Table 5).  
Table 4- The effect of CCC on pod dimensions at harvest maturity. [data for whole 
plant] 
Cultivars 
(C) 
 
CCC 
(ppm) (C)
Mean pod 
length       
(cm 
Mean pod 
diameter      
(cm) 
C1 18.8b 2.2a 
C2 20.1ab 2.2a ‘Boyiatiou’ 
C3 20.8a 2.2a 
Mean 19.6 2.2 
LSD 1.9 0.3 
C1 15.9a 1.6a 
C2 16.3a 1.6a 
 
‘Veloudo’ 
C3 16.8a 1.6a 
Mean 16.3 1.6 
LSD 1.6 0.2 
C1 17.5a 2.1a 
C2 17.7a 1.8b 
 
‘Pylaias’ 
C3 19.4a 2.0a 
Mean 18.2 1.9 
LSD 1.9 0.2 
C1 17.3a 2.3a 
C2 16.4a 2.4a 
 
‘Clemson’ 
C3 17.8a 2.1b 
Mean 17.1 2.2 
LSD 2.2 0.2 
              C x C 
(C x C1) * * 
(C x C2) * * 
(C x C3) * * 
Mean separation by LSD test. Mean values of each cultivar in the same column followed by different 
letters differ significantly at P = 0.05. 
*: statistically significant (p<0.05); ns: not significant. 
C1= 750 mg L-1 CCC; C2= 2500 mg L-1 CCC; C3= 0 mg L-1 CCC (control). 
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 In ‘Boyiatiou’ pod length did not change between 30 and 50 DAA, whereas 
pod diameter was the same between 30 and 40 DAA, but decreased at 50 DAA (Table 
5). In ‘Clemson’ and ‘Veloudo’ pod length increased between 30 and 35 DAA, but 
not thereafter, whereas in ‘Pylaias’ pod length did not change between 30 and 50 
DAA in C2 and C3, but increased between 30 and 35 DAA in C1. In ‘Clemson’, 
‘Pylaias’ (except treatment C2) and ‘Veloudo’ (except C1) pod diameter did not 
change with time of harvest. 
 
 
Table 5. The effect of CCC on the dimensions of pods harvested at four times after 
anthesis. 
Mean pod length                 
(cm 
Mean pod diameter            
(cm) 
Cultivar 
(C) 
CCC 
(ppm) 
(C) 30 
DAA 
35 
DAA 
40 
DAA 
50  
DAA 
LSD
30 
DAA 
35 
DAA 
40 
DAA 
50  
DAA 
LSD
C1 20.1a(a) 19.5b(a) 18.3a(a) 17.5a(a) 4.5 2.6a(a) 2.5a(a) 2.2a(a) 1.7a(b) 0.4 
C2 19.5a(a) 21.6ab(a) 20.0a(a) 19.6a(a) 6.1 2.5a(a) 2.5a(a) 2.2a(a) 1.8a(b) 0.3 ‘Boyiatiou’ 
C3 19.9a(a) 22.4a(a) 19.9a(a) 21.2a(a) 2.6 2.3a(a) 2.5a(a) 2.4a(a) 1.7a(b) 0.2 
Mean 19.8 21.1 19.4 19.4  2.4 2.5 2.2 1.7  
LSD 4.1 1.9 5.8 6.6  0.3 0.3 0.3 0.5  
C1 13.5a(b) 16.6a(a) 16.0a(ab) 17.7a(a) 2.6 1.7a(a) 1.8a(a) 1.5a(b) 1.4a(b) 0.2 
C2 14.4a(b) 16.4a(ab) 16.5a(ab) 17.9a(a) 2.4 1.6a(ab) 1.8a(a) 1.4a(b) 1.5a(ab) 0.2 ‘Veloudo’ 
C3 14.0a(b) 18.0a(a) 17.4a(a) 17.7a(a) 2.5 1.6a(ab) 2.0a(a) 1.4a(b) 1.4a(b) 0.5 
Mean 13.9 17 16.6 17.7  1.6 1.8 1.4 1.4  
LSD 2.3 3.6 2.3 2.2  0.2 0.7 0.1 0.2  
C1 14.2a(b) 19.4a(a) 18.3a(ab) 18.3a(ab) 4.1 2.0a(a) 2.2a(a) 2.1a(a) 2.1a(a) 0.5 
C2 16.4a(a) 20.0a(a) 16.0a(a) 18.3a(a) 4.0 1.9a(ab) 2.1a(a) 1.9a(ab) 1.5b(b) 0.5 ‘Pylaias’ 
C3 19.3a(a) 20.7a(a) 18.9a(a) 18.7a(a) 3.3 2.0a(a) 2.0a(a) 2.1a(a) 1.9ab(a) 0.4 
Mean 16.6 20 17.7 18.4  1.9 2.1 2 1.8  
LSD 5.9 4.1 3.6 1.2  0.6 0.4 0.4 0.4  
C1 13.2a(b) 17.8a(a) 18.6a(a) 19.6a(a) 1.8 2.3a(a) 2.5a(a) 2.2a(a) 2.3a(a) 0.4 
C2 13.0a(b) 16.2a(b) 16.9a(ab) 19.6a(a) 3.3 2.5a(a) 2.4a(a) 2.4a(a) 2.2a(a) 0.7 ‘Clemson’ 
C3 16.4a(a) 17.1a(a) 18.8a(a) 19.2a(a) 4.5 2.2a(a) 2.3a(a) 2.0a(a) 2.1a(a) 0.4 
Mean 14.2 17 18.1 19.4  2.3 2.4 2.2 2.2  
LSD 5.3 3.0 2.7 2.7  0.6 0.4 0.5 0.6  
          C x C        
(C x C1) * ns ns ns  * * * *  
(C x C2) * * * ns  * * * *  
(C x C3) * * ns *  * ns * *  
Mean separation by LSD test. Mean values for each cultivar in the same column followed by different 
letters differ significantly at P = 0.05. Mean values for each pod characteristic in the same row 
followed by different letters within parenthesis differ significantly at P = 0.05. 
*: statistically significant (p<0.05); ns: not significant. 
C1= 750 mg L-1 CCC; C2= 2500 mg L-1 CCC; C3= 0 mg L-1 CCC (control). 
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Effect of CCC on the number of seeds per pod and 100-seed weight 
Overall, the number of seeds per pod and seed size (100-seed weight) were not 
significantly affected by CCC application in any of the cultivars tested (Table 6). 
Moreover, there was no effect of CCC application on seed number and mean 100-seed 
weight when pods were harvested at different times after anthesis (Table 7). The only 
exception to this was Boyiatiou harvested 40 DAA where the highest concentration of 
CCC apparently caused a reduction in 100-seed weight, a result which probably 
related to the higher (but non significant) number of seeds per pod at this time (Table 
7).  
 
Table 6. The effect of CCC on seed characteristics at final harvest. 
[data for whole plant] 
Cultivar 
 (C) 
CCC 
(ppm) (C) 
Mean number of 
seeds/pod 
Mean 100 seed 
weight           
(g) 
C1 56.3a 5.9a 
C2 61.3a 5.5a ‘Boyiatiou’ 
C3 60.2a 6.0a 
Mean 59.2 5.8 
LSD 14 1.1 
C1 61.1a 4.8a 
C2 60.6a 4.8a 
 
‘Veloudo’ 
C3 69.2a 4.7a 
Mean 63.6 4.7 
LSD 11.4 0.5 
C1 82.0a 4.8a 
C2 70.4a 4.7a 
 
‘Pylaias’ 
C3 68.7a 4.7a 
Mean 73.7 4.7 
LSD 15.7 0.4 
C1 86.1a 4.7a 
C2 85.0a 4.8a 
 
‘Clemson’ 
C3 89.6a 4.4a 
Mean 86.9 4.6 
LSD 14.1 0.4 
                 C x C 
(C x C1) * * 
(C x C2) * * 
(C x C3) * * 
Mean separation by LSD test. Mean values for each cultivar in the same column followed by different 
letters differ significantly at P = 0.05. 
*: statistically significant (p<0.05); ns: not significant. 
C1= 750 mg L-1 CCC; C2= 2500 mg L-1 CCC; C3= 0 mg L-1 CCC (control). 
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 The number of seeds per pod did not change with the time of harvest in cv. 
‘Boyiatiou’ and ‘Veloudo’, whereas a decrease in seed number at 50 DAA in 
‘Pylaias’ and ‘Clemson’ could have resulted from loss of seeds through pod rupture at 
this stage (Table 7). Seed size, recorded as the weight of 100 seeds, was mostly 
unaffected by harvest times, although in some cases (e.g. ‘Boyiatiou’ C3, ‘Pylaias’ C2 
and C3, ‘Clemson’ and ‘Veloudo’ C1) an increase in 100 seed weight was observed 
between 30 and 35 DAA (Table 7). 
 
Table 7. The effect of CCC on seed characteristics at four different harvesting times. 
Mean number of seeds/pod Mean 100 seed weight              
(g) 
Cultivar 
 (C) 
CCC 
(ppm) 
(C) 30 
DAA 
35 
DAA 
40 
DAA 
50  
DAA 
LSD
30 
DAA 
35 
DAA 
40 
DAA 
50  
DAA 
LSD
C1 67.0a(a) 54.1a(a) 60.9a(a) 43.2a(a) 27.2 5.2a(b) 5.8a(b) 7.9a(a) 4.9a(b) 1.8 
C2 59.3a(a) 65.5a(a) 78.2a(a) 39.2a(a) 25.7 4.9a(a) 5.7a(a) 6.3b(a) 5.0a(a) 2.3 ‘Boyiatiou’ 
C3 61.0a(a) 65.1a(a) 68.2a(a) 46.6a(a) 29.8 4.8a(c) 5.6a(b) 8.4a(a) 5.2a(bc) 0.7 
Mean 62.4 62.5 69.1 43.0  4.9 5.7 7.5 5.0  
LSD 35.5 30.6 24.3 25.5  0.4 0.5 1.1 0.5  
C1 66.0a(a) 64.6a(a) 60.6a(a) 53.3a(a) 21.0 4.3a(b) 5.1a(a) 5.4a(a) 4.7a(ab) 0.9 
C2 50.0a(b) 74.3a(a) 59.2a(ab) 59.2a(ab) 23.0 4.3a(a) 4.0a(a) 5.5a(a) 4.6a(a) 1.4 ‘Veloudo’ 
C3 60.0a(a) 86.0a(a) 70.0a(a) 60.8a(a) 26.2 4.0a(a) 4.8a(a) 5.1a(a) 5.0a(a) 1.1 
Mean 58.6 74.9 63.2 57.7  4.2 4.0 5.3 4.7  
LSD 16.3 33.5 27.4 18.5  0.5 0.3 2.2 1.0  
C1 88.0a(a) 82.3a(a) 94.5a(a) 63.4a(a) 34.2 4.0a(a) 4.0a(a) 5.1a(a) 5.0a(a) 1.2 
C2 65.3a(ab) 69.9a(ab) 93.0a(a) 53.3a(b) 29.2 4.4a(b) 5.3a(a) 4.3a(b) 5.0a(ab) 0.7 ‘Pylaias’ 
C3 60.0a(b) 69.3a(ab) 89.9a(a) 55.6a(b) 21.5 4.4a(b) 4.7a(ab) 4.7a(ab) 5.1a(a) 0.6 
Mean 71.1 73.8 92.4 57.4  4.2 4.0 4.7 5.0  
LSD 46.6 26.9 18.9 21.8  0.5 0.6 1.7 0.1  
C1 82.3a(ab) 105.3a(a) 84.4a(ab) 72.6a(b) 28.9 4.0a(b) 4.9a(a) 4.0a(a) 5.0a(a) 0.2 
C2 78.3a(ab) 96.8a(a) 95.9a(a) 69.0a(b) 23.8 4.1a(c) 4.7a(bc) 5.5a(a) 5.0a(ab) 0.6 ‘Clemson’ 
C3 96.6a(a) 102.6a(a) 93.6a(a) 65.6a(b) 16.4 4.1a(a) 4.7a(a) 4.6a(a) 4.3a(a) 0.8 
Mean 85.7 101.5 91.3 69.0  4.0 4.7 4.7 4.6  
LSD 33.9 22.9 18.4 22.4  0.3 0.2 1.0 0.8  
          C x C        
(C x C1) ns * * *  * * * ns  
(C x C2) * * * *  * * ns ns  
(C x C3) * * * *  * * * *  
Mean separation by LSD test. Mean values for each cultivar in the same column followed by different 
letters differ significantly at P = 0.05. Mean values for each pod characteristic in the same row 
followed by different letters within parenthesis differ significantly at P = 0.05. 
*: statistically significant (p<0.05); ns: not significant. 
C1= 750 mg L-1 CCC; C2= 2500 mg L-1 CCC; C3= 0 mg L-1 CCC (control). 
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 Effect of CCC on seed yield  
CCC application reduced the total seed yield of cv. ‘Pylaias’ and ‘Veloudo’ with the 
highest decrease being recorded at the lower CCC level (C ). In contrast, CCC did not 
affect the seed yield of ‘Clemson’, and only in ‘Boyiatiou’ did CCC increase seed 
yield, irrespective of CCC concentration (Table 8). It is emphasized, however, that 
these data were derived from a very small number of plants (2 per plot) and are 
therefore only indicative.  
1
 
 
Table 8. The effect of CCC on plant height and total seed yield (based on a plant 
population of 16650 plants ha-1). 
Cultivar 
 (C) 
CCC 
(ppm) (C) 
Seed yield      
(kg/ha) 
Plant height        
(cm) 
C1 821.6a 105.0b 
C2 809.9a 102.0b ‘Boyiatiou’ 
C3 775.8b 176.2a 
Mean 705.4 127.7 
LSD 22.0 18.9 
C1 1001.6c 136.2b 
C2 1589.9b 138.3b ‘Veloudo’ 
C3 1949.9a 160.0a 
Mean 1513.8 144.8 
LSD 215.5 19.4 
C1 672.6c 143.3a 
C2 1031.6b 113.2b ‘Pylaias’ 
C3 1136.6a 132.5a 
Mean 946.9 129.6 
LSD 59.3 13.3 
C1 1739.9a 120.0b 
C2 1568.2a 75.0c ‘Clemson’ 
C3 1479.9a 175.0a 
Mean 1596.0 123.3 
LSD 284.5 15.0 
                  C x C 
(C x C1) * * 
(C x C2) * * 
(C x C3) * * 
Mean separation by LSD test. Mean values for each cultivar in the same column followed by different 
letters differ significantly at P = 0.05. 
*: statistically significant (p<0.05); ns: not significant. 
C1= 750 mg L-1 CCC; C2= 2500 mg L-1 CCC; C3= 0 mg L-1 CCC (control). 
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Effect of CCC on plant height 
Plant height of all cultivars was reduced by CCC application (Table 8). In ‘Boyiatiou’ 
and ‘Veloudo’ the reduction in plant height was similar for both CCC concentrations, 
whereas in ‘Pylaias’ and ‘Clemson’ the reduction in plant height was greater at the 
higher CCC level. Indeed, in ‘Pylaias’ there appeared to be no significant effect of 
CCC on plant height at 750 mg -1 CCC (Table 8). 
 
Seed storage, scarification and priming 
Among the four cultivars, ‘Boyiatiou’ presented the highest percentage of hard seeds 
(mean value of 34 %, Table 1). However, the seed hardness of this cultivar decreased 
significantly after storage at room temperature (20 0C) for six months, as did the 
percentage of hard seeds in the other cultivars (Figure 2). Similarly, the scarification 
of seeds of all cultivars with H2SO4 (96 %) prior to the germination test also 
increased germination by reducing the percentage of hard seeds (Figure 2). 
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Fig. 2. The percentage of hard seeds in four okra cultivars prior to and after six 
months of storage at room temperature and in relation to acid scarification (Seeds of 
each cultivar were randomly selected from the pooled seed of all treatments). 
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Priming of seeds with NaCl prior to the germination test increased the 
percentage germination in all cultivars, but especially ‘Boyiatiou’; it is likely 
therefore that NaCl reduced seed hardness. The best priming treatment appeared to be 
that with 8 % NaCl for 24 h in cv. Boyiatiou (increased germination from 49.1 % to 
94 %) and Pylaias (raised germination from 75.6 to 97 %), whereas the lower NaCl 
concentration (4 % NaCl for 24 h) was more beneficial for cv. Veloudo (increased 
germination from 73.6 to 97 %) (Figure 3). In ‘Clemson’ germination reached 100% 
in the treatment with 4% NaCl for 12 or 24 h. 
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Fig. 3- Influence of priming with NaCl on okra seed germination in relation to the 
concentration of NaCl and the duration of treatment (Seeds of each cultivar 
were randomly selected from the pooled seed of all treatments). 
 
 
Discussion 
Seed quality 
Seed quality, as expressed by the percent germination was high in all cultivars (mean 
value 73-79%, except Boyiatiou (49%), irrespective of CCC application. Since the 
minimum acceptable germination of commercial okra seed is 65% (FEK, 2000), this 
means that seed of ‘Veloudo’, ‘Pylaias’ and ‘Clemson’ met the minimum commercial 
requirement, whereas ‘Boyiatiou’ did not. The main reason for the low performance 
of ‘Boyiatiou’ was (a) the immaturity of seeds harvested 30 DAA, and (b) the high 
percentage of hard seeds in harvests at 40-50 DAA, which is a characteristic of this 
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cultivar, especially when seeds are produced under conditions that cause rapid seed 
dehydration during maturation (high temperatures and low R.H., as here, Fig. 1) 
(Demir, 1997; Passam et al. 2001; Passam and Rekoumi, 2009).  
The fact that low germination of ‘Boyiatiou’ seed harvested 40-50 DAA was 
due to a hard seed coat (testa) was supported by the significant increase in 
germination following acid scarification, NaCl priming or even seed storage for six 
months. The benefits of these treatments have been previously reported (Passam and 
Polyzou, 1997) and, as noted previously, may be supplemented by hydration methods 
(Onwueme, 1975; Demir 1994). Even in cultivars with a lower percentage of hard 
seeds (‘Clemson’, ‘Pylaias’ and ‘Veloudo’) scarification increased germination and 
therefore seed quality. 
 
Effects of CCC application 
In the present experiment, CCC reduced the plant height of all cultivars without 
affecting flower induction and pod set (Table 3), or the number of seeds per pod and 
100 seed weight (Table 6).  In consequence, seed yield was not affected by CCC 
application, although it did differ significantly between cultivars (Table 8).   
 Most studies on CCC application to okra have concerned the edible crop. 
Thanopoulos et al. (2013) reported that CCC (500 ppm) reduced the height of 
‘Boyiatiou’ without affecting the yield of fresh pods, but at a higher concentration 
(2000 ppm) yield was reduced. ‘Boyiatiou’ for the fresh market is harvested at a very 
immature size (Passam and Rekoumi, 2009). When CCC was applied to larger 
fruiting cultivars, CCC (Zayed et al., 1985) or paclobutrazol (Syed et al., 1997) may 
restrict plant height and even increase the number of pods produced per plant (Patel 
and Singh, 1991; Bhatt and Srinivasa Rao, 2009), perhaps by changing the level of 
hormones involved in floral induction and differentiation (Jiang et al., 2010). 
In most cases, CCC did not significantly affect pod length and diameter. Pod 
growth in ‘Boyiatiou’ was complete by 30 DAA, compared with 35 DAA in 
‘Clemson’ and ‘Veloudo’ (Table 5). This suggests that pods may mature more quickly 
in ‘Boyiatiou’ than in the other cultivars, although seed moisture content at harvest 
did not differ between cultivars and was unaffected by CCC application (Table 1). 
Elsewhere, Mehrotra et al. (1970) reported that CCC (500 ppm) decreased fruit length 
of okra, whereas Shukla and Tewari (1973) noted that application of chlorophonium 
(1000 ppm) resulted in longer fruits.  Bharad (2005) studied the effect of CCC on okra 
 162
Institutional Repository - Library & Information Centre - University of Thessaly
09/12/2017 05:56:24 EET - 137.108.70.7
and reported that fruit girth (thickness) increased with increasing concentrations of 
CCC up 1500 ppm. Similarly, Tosh et al. (1978) found that fruit size (length and 
diameter) of okra cv. ‘Pusa Sawani’ was enhanced by CCC at 200 or 500 ppm. Both 
these studies, however, refer to okra grown for immature fresh pods, whereas in the 
seed crop of the present experiment pods were harvested at maturity. 
 In this experiment, CCC application had virtually no effect on seed 
germination, with the exception of ‘Veloudo’, where 2500 ppm CCC appeared to 
increase germination. This result contrasts with that of Bharad (2005), who found that 
increasing concentrations of CCC enhanced okra seed germination. Here, some 
differences were noted in relation to harvest time (Table 2), e.g. an increase in 
germination with CCC (750 mg L-1) in ‘Clemson’ at 30-35 DAA, but a decrease in 
‘Pylaias’ at 35 DAA. Overall, however, it can be concluded that CCC is unlikely to 
improve seed quality when expressed in terms of germination at harvest. Although 
germination of all cultivars increased after storage for six months, it was not tested 
whether CCC conferred any benefit at that stage. 
 
Differences between cultivars 
In this experiment, cv. ‘Clemson’ produced the highest number of flowers and pods 
per plant and in consequence the highest seed yield. ‘Boyiatiou’ produced the lowest 
number of flowers and pods, whereas ‘Pylaias’ and ‘Veloudo’ performed significantly 
better than ‘Boyiatiou’ but not as well as ‘Clemson’ (Table 3). These differences 
between cultivars may relate to their response to the growth conditions (high light and 
temperature, low R.H.) which, irrespective of fluctuations in temperature (Fig. 4), 
were apparently more favourable for the American cv. ‘Clemson’ than the local Greek 
cultivars.  
Pod size (length and diameter) was highest in ‘Boyiatiou’ and lowest in 
‘Veloudo’. Pod length at maturity is considered to be a genetically-controlled 
character that is essentially independent of the environment (Raji, 1994), hence it is 
not surprising that CCC had no effect on this characteristic (nor on pod diameter), 
irrespective of cultivar. The significantly larger pod size of ‘Boyiatiou’ may explain 
the lower rate of flowering and pod set, since larger pods may act as a larger sink for 
photosynthates and thereby reduce the flowering and fruit set at subsequent nodes 
(Perkins et al., 1952; Passam et al., 1998). On the other hand, ‘Boyiatiou’ had the 
lowest number of seeds per pod (59.2 compared with 86.9 in ‘Clemson’, Table 6). 
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The number of seeds per pod apparently affected seed size since ‘Boyiatiou’ (with 
few seeds per pod) had the largest seeds, and ‘Clemson’ (with the most seeds per pod) 
had the smallest seed on a 100 seed weight basis (Table 6). Large seeds are generally 
considered to have more vigour and longer viability (Priestley, 1987) which may 
indicate that despite the greater occurrence of hard seeds, seed viability of ‘Boyiatiou’ 
was high. 
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Figure 4- Fluctuation of flower initiation of four okra cultivars in relation to 
mean maximum and minimum air temperatures. 
 
 
Differences in relation to harvest time 
Variation in germination related to the time of harvest (Table 2). In all cultivars, 
harvest at 30 DAA resulted in low germination, indicating a lack of seed (embryo) 
maturity. In ‘Boyiatiou’, germination was high at 35 DAA (86.7%) indicating that by 
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that time seeds had matured. A subsequent decrease in germination for ‘Boyiatiou’ 
harvested at 40-50 DAA indicates that continued maturation of seeds on the mother 
plant was accompanied by the development of a hard seed coat. In contrast, in the 
other three cultivars, the high germination attained at 35 DAA was retained, or even 
increased, during 40-50 DAA. This pattern of germination occurred irrespective of the 
level of CCC Table 2). 
 The formation of a hard seed coat occurs when the moisture content of the 
seed falls below about 25% (Standifer et al., 1989; Demir, 1997; Demir, 2001) In July 
and August, the maturation of pods is rapid and seed moisture content falls 
considerably after about 40 DAA (Passam and Rekoumi, 2009). Moreover, rapid 
drying increases the incidence of seed hardness (Demir, 1997). In cultivars that are 
not susceptible to seed hardness (e.g. ‘Veloudo’ and ‘Clemson’), seeds may be 
harvested at 40-50 DAA and germination is high. From the results here, however, it is 
clear the ‘Boyiatiou’ should be harvested at 35 DAA; seed quality at an earlier harvest 
(30 DAA) is low due to embryo immaturity, and at later harvests (40-50 DAA) due to 
increasing seed hardness. During the autumn, when the rate of drying is lower, the 
incidence of hard seeds in ‘Boyiatiou’ is lower (Passam and Rekoumi, 2009). In each 
case, the susceptibility to seed hardness is primarily related to the genotype (El Balla  
et al. 2011), and the effect of CCC on germination and seed hardness is relatively 
minor. 
 As a means of counteracting seed hardness, scarification or priming with NaCl 
are both effective. Moreover, seed storage for 6 months also increased germination, 
especially in Boyiatiou. It is not clear, however, whether storage affected germination 
by reducing seed hardness, or by after-ripening of immature seeds since germination 
after storage was not measured in relation to harvest time. Additionally, the value of 
these treatments in relation to CCC application was not examined. 
 
Conclusion 
The primary effect of CCC was to reduce plant height. There was, however, little or 
no effect of CCC flowering and pod set, hence yield. In cv. ‘Veloudo’ CCC (2500 mg 
L-1) increased seed germination, but there was no effect of CCC at either 750 or 2500 
mg L-1 in the other cultivars. We can therefore conclude that on a practical basis the 
main advantage of applying CCC would be to reduce plant height and thereby 
facilitate manual work on the plant, rather than as a means of increasing seed yield or 
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quality. Irrespective of CCC application, seed yield and quality are primarily 
determined by the genotype. Post-harvest seed treatments (scarification, priming) and 
seed storage may improve seed quality (germination). 
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General Conclusion 
In N (2011) experiment, The best N rates for flower induction being 150 and 
300 ppm, also pod set increased with high N application (450 ppm) in Boyatiou but 
not in other cultivars. Harvest time had a significant effect on the pod length of all 
cultivars in 1st sowing, but pod dimensions (length and diameter) were largely 
unaffected by N level, irrespective of the position of the pods on the plant, as was the 
100-seed weight. In contrast, N appears to positively affect seed germination, 
depending on the cultivar and the time of harvest, reduction of seed hardness. Harvest 
time also has a significant effect on seed germination, due mainly to the increase in 
hard seeds in susceptible cultivars (‘Boyiatiou’ and ‘Veloudo’) when harvest is 
delayed (40-50 DAA). There was no benefit of pod after-ripening, but seed storage 
for 18 months at room temperature proved to be a positive way to improve seed 
quality, especially in ‘Boyiatiou’. Therefore, it is possible that seed quality of okra 
(e.g. ‘Boyiatiou’) could be improved by applying higher N rates and by harvesting 
pods during mid to late summer in our experimental region (Thessaly). 
 ` Also in N(2012) experiment although the difference in sowing times was only 
20 days, the later sowing (2 June) improved flower induction and pod set of okra, but 
without affecting pod size. The number of seeds per pod was not affected by sowing 
time, but mean 100 seed weight was generally lower in the 2nd sowing. In all cultivars, 
except ‘Veloudo’ germination increased in the 2nd sowing mainly as a result of lower 
seed hardness. Germination was also improved by increasing N levels, or by seed 
storage, acid scarification or seed priming.  
 
In the micronutrient experiment, plant height of Boyiatiou and Pylaias was 
increased by application M2 (40 cc Micronutrient). Also flower induction in Pylaias 
increased at both micronutrients levels (M2 and M3) but not in other cultivars. Pod set 
was higher in M3 treatment in Veloudo and Pylaias and resulted in significantly 
higher seed yield in these two cultivars. Precentage of seed germination of all 
cultivars was higher following applying micronutrient.. Storage of seeds of such 
cultivars for 18 months at room temperature may alleviate this problem. 
 
 Application of GA at a concentration of 50-100 mg l-1 to okra increased plant 
height irrespective of cultivar, but did not effect flower induction or pod set. 
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Similarly, GA had no effect on pod dimensions (length, diameter) or mean 100 seed 
weight, except in Boyiatiou. Meanwile, GA application did not consistently affect 
seed moisture content, but it did however, increase the number of seeds per pod in all 
cultivars significntly. Germination was either promoted (‘Veloudo’), inhibited 
(‘Boyiatiou’) or not affected (‘Pylaias’, ‘Clemson’) by GA. Differences in 
germination were apparently related to the incidence of hard seeds. Storage of seeds 
for 18 months improved germination. It therefore seems that foliar application of GA 
may be beneficial for seed production of ‘Veloudo’ by increasing seed quality 
(germination), but is not of value for the other cultivars. 
 
In the fruit loading experiment, leaving more fruit on the plant (L3) in cv. 
Boyiatiou and Veloudo caused lower seed germination, whereas in cv. Pylaias and 
Clemson had opposite effect. Higher seed germination was recorded in plants with 
lowest fruit load (L1). Flower induction, pod set, fruit demansion were not affected by 
fruit load in all cultivars. Also number of seed per pod was not affect but 100 seed 
weight tended to decrease in cv. Boyiatiou and Pylaias. Morever there are no 
consistant effect of fruit load on plant height.  
 
In CCC experiment, using CCC reduced plant height. There was, however, 
little or no effect of CCC on flowering and pod set, hence yield. In cv. ‘Veloudo’ 
CCC (2500 mg L-1) increased seed germination, but there was no effect of CCC at 
either 750 or 2500 mg L-1 in the other cultivars. Number of seed per pod, 100 seed 
weight and pod demansion was not affected by CCC. It can therefore conclude that on 
a practical basis the main advantage of applying CCC would be to reduce plant height 
and thereby facilitate manual work on the plant, rather than as a means of increasing 
seed yield or quality. Irrespective of CCC application, seed yield and quality are 
primarily determined by the genotype. Finally, post-harvest seed treatments (e.g. 
scarification, priming) and seed storage for 6 to 18 months may improve seed 
germination and seed hardness. 
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Some Sugestions for future study 
 
According to the results finding of this study for sound seed production of okra, these 
recommendations could be ssuggested:  
1-  Applying high N rates and harvesting pods during mid to late summer 
under our experimental regin (Thessaly), seed hardness and percentage of germination  
of some okra varities such as ‘Boyiatiou’ could be improved.   
 
  2- Delayed harvesting time (i.e. 40-50 DAA) has a significant effect on seed 
germination, due mainly to the increase in hard seeds in susceptible cultivars 
(‘Boyiatiou’ and ‘Veloudo’). Therefore, harvesting should be carried out earlier for 
example at 35 days. 
3- The main value of foliar application of micronutrients is to increase seed 
quality, i.e. germination. In some cultivars (‘Pylaias’ and ‘Veloudo’) micronutrients 
may also increase seed yield by improving pod set.   
4- It seems that foliar application of GA may be beneficial for seed production 
of ‘Veloudo’ by increasing seed germination, but is not of value for the other 
cultivars. 
5- Genotype strongly influenced pod size, seed number, germination and seed 
hardness, although differences within cultivars showed no consistency with the 
number of pods maturation on the plant and pod load. 
6- Although the primary effect of CCC was to reduce plant height, there was, 
little or no effect of CCC on flowering and pod set, hence yield in four cultivars; 
However, the results of this study showed that the application of CCC produced a 
positive result for eliminating seehardness in some okra varieties when harvesting will 
take place early (e.g. 35 DAA). 
 
7. Although GA is a hormone that used for improvement of seed germination, 
here its application did not have a positive effect on most seed parameters.  
 
8. Leaving some specific number of fruits on the plant improve seed 
germination. However, this experiment counducted only in 1 year, it seems that this 
experiment needs to be replicated to reach to a safe results.  
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9. Micronutrient application gave a acceptable results, but because this 
experiment was counducted in one year, it seems it is worth to be replicate in future 
for safe conculsion under different agronomical condition as well as using diferentt 
cultivars.  
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 Appendix: Photographs related to the experiments. 
 
 
 
Figure 1: Map experiments implementation on the farm at 2011. 
 
 
 
 
Figure 2: Planting seeds on seed try at 2011. 
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Figure 3: Planting seeds on seed try at 2011. 
 
 
 
 
  Figure 4: Planting seeds on seed try at 2012 
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Figure 5: Planting seeds on seed try at 2012. 
 
 
   
 
 
Figure 6: Experimets farm at early stage of growth at 2011. 
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Figure 7: Experimets farm at early stage of growth at 2011. 
 
 
 
 
Figure 8: Experimets farm at early stage of growth at 2011. 
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Figure 9: Experimets farm at early stage of growth at 2012. 
 
 
 
Figure 10: Experimets farm at the mid stage of growth at 2011. 
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Figure 11: Tagging of the flower in the experiment at 2011. 
 
 
 
Figure 12: Tagging of the flower in the experiment at 2011. 
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Figure 13: Tagging of the flower in experiment (GA) at 2011. 
 
 
 
 
Figure 14: Looking the pods for worm damage. 
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Figure 15: Tagging the flowers in the experimets. 
 
 
 
 
 
 
Figure 16: Barrels used for N experiment at 2011 and 2012. 
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Figure 17: Barrels used for N experiment at 2011 and 2012 and also experiment  farm 
of N at 2012 . 
 
 
 
Figure 18: Experiments farm at 2012. 
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Figure 19: Flowers tagging at 2012. 
 
 
 
 
 
Figure 20: Experiment farm at 2011 (left GA experiment, right N experiment). 
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Figure 21: Damage of worm (Heliothis armigera) on pods. 
 
 
 
Figure 22: Leave pod indoore for drying (pod drying method). 
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Figure 23: Leave pod indoore for drying (pod drying method). 
 
 
 
 
 
 
 
Figure 24: Collect pods and seeds for calculating seed yield. 
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Figure 25: Drying seeds after collecting in different treatments. 
 
 
 
 
Figure 26: Counting and separating seeds from different treatments for germination 
test. 
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Figure 27: Counting and separating seeds in four replicates from different treatments 
for germination test. 
 
 
 
 
 
 
Figure 28: Counting the seeds from different treatments during germination test. 
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Figure 29: Compare the germinated and non-germinated seeds. 
 
 
 
Figure 30: Putting the seeds in germinator at 25 oC for 21 days. 
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Figure 31: Compare the germination of seeds in four replicate of one sample in 
micronutrient experiment. 
 
 
Figure 32: Compare the germination of seeds in four replicate of one sample in GA 
experiment. 
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Figure 33: Compare the germination of seeds in four replicate of one sample in 
experiments of 2012. 
 
 
 
 
 
Figure 34: Compare the germinated and hardseeds at the end of incubation at 25oC for 
21 days in experiments of 2012. 
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Figure 35: Recording the germinated seeds at specific interval for calculating 
percentage and rate of seed germination. 
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